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PROJECTIONS  OF  CALIFORNIA 
AGRICULTURE  TO  1980  and  20001 

INTRODUCTION 


(^alifornia's  economy  has  undergone 
far-reaching  changes  since  World  War  II. 
The  state's  favorable  climate  and  physical 
environment  have  made  it  a  particularly 
attractive  place  in  which  to  live.  High- 
technology,  foot-loose  industries  (those  re- 
lying on  a  highly  trained  labor  force 
rather  than  being  tied  to  particular  geo- 
graphic locations  because  of  mineral  de- 
posits, power  sources,  or  other  natural 
factors)  have  grown  rapidly  in  California, 
partly  because  of  the  availability  of  amen- 
ity resources  (climate,  mountains,  coast- 
line, etc.)  attractive  to  their  employees. 
External  economies  accruing  to  high-tech- 
nology firms  which  locate  near  renowned 
centers  of  higher  learning  also  appear  to 
have  been  a  factor  in  the  growth  of  foot- 
loose industries  in  California.  In  addition, 
California  has  become  a  favored  retire- 
ment community.  Largely  because  of  these 
sources  of  growth,  California's  population 
increased  from  about  10.6  million  in  1950 
to  about  20  million  in  1969;  projections 
are  for  a  California  population  of  26.5 
million  in  1980  and  38.6  million  by  2000 
[California  Department  of  Finance,  1968]. 
Along  with  rapid  industrial  growth  and 
employment  have  come  attendant  pres- 
sures on  California's  agricultural  econ- 
omy. Urban  pressure  on  land  and  water 
resource  use  are  among  the  foremost 
problems  facing  California  agriculture. 
Urbanization  and  industrialization  in  the 
Los  Angeles  and  San  Francisco  Bay  metro- 
politan centers,  as  well  as  in  parts  of  the 
Central  Valley  and  southern  Coastal  Val- 
ley, have  removed  sizable  acreages  of  high- 
quality  farmland  from  agricultural  use. 
Land  values  and  taxes  in  surrounding 
areas  often  have  risen  to  levels  unjustified 
by  strictly  agricultural  pursuits.  A  rapidly 
growing,  affluent  populace  in  California 
also  has  expanded  the  demand  for  recrea- 


tional facilities  and  second-home  sites  in 
the  foothill  and  mountain  regions.  Land 
values  and  real  estate  taxes  in  many  of 
these  areas  have  risen  to  the  point  where 
traditional  agricultural  uses  such  as  cattle 
ranching  and  grazing  are  of  questionable 
economic  feasibility. 

Decreases  in  crop  land  due  to  urban  ex- 
pansion have  been  offset  by  additional  de- 
velopment of  irrigated  land.  State  and  fed- 
eral water  development  projects — set  up 
for  the  dual  purpose  of  servicing  water- 
deficit  urban  areas  and  providing  irriga- 
tion water  for  agriculture — will  critically 
affect  the  future  of  California  agriculture. 

Technological  change  in  agriculture, 
new  irrigation  developments,  and  shifts  in 
location  of  agricultural  production  within 
the  state  have  thus  far  permitted  Cali- 
fornia to  retain  its  traditional  share  of 
U.S.  markets  for  agricultural  products 
despite  the  growing  competition  for  land 
and  water  resources.  Crop  production  has 
increased  significantly  in  the  past  15  years 
with  no  net  increase  in  crop  land  em- 
ployed. Livestock  production  has  also 
grown  substantially  in  the  state,  despite 
competition  for  resources  from  within  the 
state  and  from  livestock  production  from 
other  parts  of  the  U.S. 

The  questions  posed  in  this  study  con- 
cern the  possible  future  development  of 
the  agricultural  sector  of  the  California 
economy  as  it  attempts  to  adjust  to  re- 
source use  pressures  within  the  state,  and 
to  changes  in  the  demands  for  its  products. 
The  increases  in  demand  are  greatest  for 
some  of  the  products  for  which  California 
has  a  unique  climatic  advantage  (such  as 
certain  fruits  and  vegetables).  Will  the 
land  and  water  resources  available  to  Cali- 
fornia agriculture  in  the  future  permit  the 
state  to  continue  to  supply  a  constant  or 
increasing  share  of  the  market  for  these 


1  Submitted  for  publication  April  9,  1970. 
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products?  What  changes  in  the  "mix"  of 
cropping  patterns  and  livestock  produc- 
tion must  be  made  to  satisfy  these  shifts 
in  demand?  What  implications  do  these 
changes  have  for  the  operation  of  in- 
dividual farming  units  in  the  state? 

Farmers,  businessmen  in  industries  re- 
lated to  agriculture,  and  government  offi- 
cials periodically  make  decisions  based  on 


assumptions,  explicit  or  implicit,  about 
future  changes  in  California  agriculture. 
Clearly  these  decisions  should  be  based  on 
the  best  possible  information  available. 
This  bulletin  offers  information  which 
should  prove  useful  as  one  input  to  the 
complex  decisions  which  must  be  made 
continuously  at  farm,  business,  and  govern- 
mental levels. 


OBJECTIVES 


The  specific  objectives  of  this  study  are  to  make  the  following  projections  of  California 
agriculture  to   1980  and  2000: 

•  Acreage,  yield,  and  total  production  of  major  crops. 

•  Numbers,  feed  utilization,  and  total  production  of  major  types  of  livestock. 

•  Feed  imports  to  balance  feed  production  and  utilization. 

•  Land  and  water  use  by  agriculture,  by  region. 

•  Changes  likely  to  occur  on  individual  farms. 


FRAMEWORK  FOR  PROJECTIONS 


All  long-range  economic  forecasting  tech- 
niques have  severe  limitations.  The  con- 
ventional quantitative  tools  of  economic 
analysis  (econometric  models  of  commod- 
ity demand  and  supply,  input-output  an- 
alysis, linear  programming)  are  better 
suited  to  short-run  analysis  than  to  long- 
range  forecasting.  Therefore,  most  long- 
range  studies  employ  a  combination  of 
techniques,  including  both  quantitative 
and  qualitative  elements.  The  term  "pro- 
jection" rather  than  "prediction"  or 
"forecast"  generally  is  used  to  make  clear 
that  the  results  are  conditional  on  the 
basic  assumptions  used.  That  is,  if  the 
basic  assumptions  of  future  population, 
income,  consumption  patterns,  competi- 
tive advantage,  technological  change,  etc., 
are  not  realized,  the  projections  derived 
therefrom  will  be  distorted. 

This  study  contains  limitations  inherent 
in  any  attempt  to  make  long-term  projec- 
tions. While  a  large  number  of  previous 
in-depth  studies  on  particular  commodi- 
ties employing  statistical  or  other  quanti- 
tative techniques  have  been  utilized,  the 
backlog  of  such  research  does  not  cover 
all  areas  of  interest  in  a  comprehensive 


study  of  the  entire  agricultural  economy. 
The  thread  which  weaves  this  patchwork 
of  previous  studies  into  a  complete  fabric 
of  projections  is  the  judgment  of  special- 
ists in  many  diverse  phases  of  agricultural 
research.  Unfortunately,  results  of  such 
analysis  are  not  subject  to  statements  re- 
garding standard  errors  or  confidence 
limits,  and  there  is  no  guarantee  that 
other  informed  and  competent  researchers, 
given  the  same  information,  would  arrive 
at  exactly  the  same  results.  Still,  even 
rough  approximations  as  to  directions 
and  magnitudes  of  change  often  aid  in 
long-range  planning. 

Projections  of  U.S.  Economy  and 
Agriculture,  1980  and  2000 

The  demand  for  many  agricultural  com- 
modities produced  in  California  is  nation- 
wide. Therefore,  developments  in  our 
national  economy — such  as  population 
growth,  income  growth  and  distribution, 
and  level  of  employment — have  a  direct 
impact  on  California  agriculture.  Even 
products  produced  primarily  for  in-state 
markets  are  affected  indirectly  by  develop- 
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ments  in  the  national  economy.  For  ex- 
ample, population  and  income  in  Cali- 
fornia largely  determine  in-state  demand 
for  farm  products,  but  these  in  turn  are 
affected  by  rates  of  migration  into  the 
;  state  and  by  the  level  of  industrial  activity 
in  the  state,  both  of  which  are  heavily 
dependent  on  the  national  economy. 
Therefore,  projections  for  California  ag- 
riculture must  proceed  within  a  frame- 
work of  assumptions  regarding  the  U.S. 
and  world  economies. 

The  Economic  Research  Service  and 
the  Forest  Service  of  the  United  States 
Department  of  Agriculture  [1967]  have 
published  a  set  of  projections  of  U.S. 
agriculture  to  1980,  2000,  and  2020,  which 
is  based  on  the  following  set  of  assump- 
tions: 

•  U.S.  population  will  increase  from 
194.6  million  in  1965  to  235.2  million 
by  1980  and  308.1  million  by  2000 
(series  C  estimates  of  the  Bureau  of 
the  Census). 

•  Total  employment  will  increase  from 
74.5  million  in  1965  to  90.9  million  in 
1980  and  119.0  million  in  2000. 

•  Gross  national  product  will  increase 
from  $684.9  billion  in  1965  to  $1,164 
billion  in  1980,  and  to  $2,377  billion 
in  2000  (in  terms  of  1965  dollars). 

•  Per  capita  personal  income  will  in- 
crease from  approximately  $2,769  in 
1965  to  $3,840  in  1980  and  $5,965  in 
2000  (in  terms  of  1965  dollars). 

•  Food  consumption  patterns  will  shift 
toward  products  with  higher  income 
elasticities  as  incomes  increase — away 
from  lower  cost,  starchy  foods  toward 
more  costly  high-protein  and  proc- 
essed foods. 

•  Exports  will  increase  at  the  same  rate 
as  during  the  1950-60  decade.  (This 
may  be  low  for  feed  grains  and  vege- 
tables if  recent  trends  continue.) 


•  Projected  prices  for  farm  products 
generally  will  fall  into  the  range  of 
recent  years. 

On  the  basis  of  the  above  general  as- 
sumptions and  the  work  of  Daly  and 
Egbert  [1966<7,  19666]  and  others,  the 
USDA  [1967]  has  made  projections  of  the 
quantities  which  would  be  required  from 
U.S.  agriculture  to  meet  prospective  de- 
mand in  1980  and  2000.  The  conceptual 
framework  underlying  these  projections  is 
that  of  general  price  equilibrium.  The 
price  equilibrium  for  each  commodity 
takes  into  account  both  the  prices  of  com- 
peting products  in  supply  and  demand 
and  the  supply  and  demand  shifters  over 
time.  The  major  demand  shifters  are  pop- 
ulation and  per  capita  income.  In  high- 
income  countries  such  as  the  U.S.,  the 
growth  of  domestic  demand  for  food 
is  primarily  dependent  on  population 
growth.  However,  as  per  capita  incomes 
increase,  people  substitute  higher  value, 
more  nutritious  foods  such  as  meat,  fruits, 
and  vegetables  for  lower  cost  carbohydrate 
foods.2  Trends  in  per  capita  consumption 
unrelated  to  income  effects  were  also  in- 
corporated into  the  projections.  For  ex- 
ample, despite  lower  prices  and  rising 
incomes  the  per  capita  uses  of  eggs  and 
pork  have  declined.  These  demand  shifts 
appear  to  be  related  to  health  considera- 
tions, rural-to-urban  population  shifts, 
and  possibly  other  factors.  The  major 
shifter  of  agricultural  supply  is  new  tech- 
nology—hybrid seed,  fertilizers,  insecti- 
cides, and  other  disease  controls,  im- 
proved machinery,  improved  livestock 
feeding  practices,  etc. 

Table  1  shows  historical  and  projected 
(1980)  per  capita  consumption  of  a  range 
of  agricultural  products  as  presented  by 
Daly  and  Egbert  [19666].  Changes  in  con- 
sumption patterns  often  are  quite  pro- 
nounced. For  example,  in  1949-51,  the 
per  capita  consumption  of  pork  and  beef 


2  Quantification  of  this  phenomenon  is  provided  in  empirical  estimates  of  income  elasticities 
of  demand.  Income  elasticity  of  demand  is  defined  as  the  percentage  change  in  quantity  de- 
manded per  1  per  cent  change  in  per  capita  income,  the  influence  of  other  variables  held 
constant.  The  income  elasticities  for  many  farm  products  are  positive;  i.e.,  as  real  incomes  rise, 
per  capita  consumption  increases.  However,  certain  farm  products  such  as  wheat,  dry  beans, 
potatoes,  and  sugar  exhibit  negative  income  elasticities  of  demand — income  and  per  capita 
consumption  changes  historically  have  been  negatively  correlated  after  the  effects  of  price 
have  been  eliminated. 
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Table  1 

U.S.  PER  CAPITA  CONSUMPTION  OF  AGRICULTURAL  PRODUCTS, 

1949-51,  1959-61,  1964,  AND  PROJECTIONS  TO  1980 


Commodity 

Year 

1949-51 

1959-61 

1964 

1980  (projected) 

pounds  per  capita 

Livestock: 

71.2 

70.6 

3.8 

24.9 

391.0 

733.0 

47.6 
202.4 
201.2 
115.0 
9.0 
221.0 
7.6 

51.3 

10.1 
104.0 

17.6 

91.3 

64.9 

4.8 

35.7 

337.0 

657.0 

48.8 
194.4 
204.9 
110.0 
8.0 
165.0 
8.1 

46.2 

10.0 
104.0 

15.9 

106.6 

65.4 

4.2 

38.5 

314.0 

636.0 

50.7 

177.5 

200.2 

110.2 

8.4 

159.3 

10.1 

53.0 

10.5 

103.0 

15.3 

117  0 

Pork,  excluding  lard  (carcass  weight) 

58.0 
3  5 

Chicken  and  turkey  (ready-to-cook) 

45.5 
290  0 

570  0 

Crops : 
Food  fats  and  oils  (actual  weight  basis) 

49.5 
206  0 

Vegetables  (fresh  equivalent) 

Potatoes  (white) 

216.0 
110.0 

7.5 

Wheat 

143.0 

Rice 

Corn 

Other  cereals 

10.0 

52.0 
9.6 

Sugar,  raw  value 

Coffee,  green  bean  equivalent 

104.0 

16.0 

Source:  Daly  and  Egbert  [19666]. 


(including  veal)  were  about  the  same;  by 
1980  per  capita  pork  consumption  is  pro- 
jected to  be  only  half  that  of  beef.  Per 
capita  increases  in  chicken  and  turkey 
consumption  are  projected,  but  historical 
downtrends  in  per  capita  consumption  of 
eggs  and  milk  are  expected  to  continue. 
Within  the  crop  category,  moderate  per 
capita  increases  are  projected  for  fruits 
and  vegetables.  (The  1964  consumption  of 
fruit  was  low  primarily  because  of  earlier 
freeze  damage  on  citrus.)  Declines  are 
projected  in  per  capita  consumption  of 
dry  beans,  peas,  and  wheat.  Most  other 
commodities  are  projected  to  change  only 
slightly  in  per  capita  consumption. 

The  USDA  study  cited  above  [1967] 
has  incorporated  the  above  and  other 
studies  to  make  aggregate  1980  and  2000 
projections  for  U.S.  agriculture.  Per  capita 
consumption  projections  for  individual 
agricultural  commodities  were  held  un- 
changed beyond  1980.  This  assumption 
was  made  primarily  because  of  the  diffi- 
culty of  projecting  the  influence  of  new 


products  and  changes  in  consumer  tastes, 
but  also  was  based  on  the  assumption  that 
further  increases  in  personal  income  be- 
yond the  1980  level  would  have  little 
significant  influence  on  per  capita  con- 
sumption of  agricultural  products.  The  v 
demand  and  supply  components  for  com- 
modities and  commodity  groups  were 
brought  together  by  price  equilibrium 
models.  In  general,  the  projected  equi- 
librium prices  of  farm  products  derived 
by  this  method  fell  in  the  range  of  farm 
prices  in  the  early  1960's.  Livestock  prices 
were  projected  to  increase  slightly  and 
crop  prices  to  decline  slightly.  However, 
on  balance,  price  levels  projected  for  farm 
products  as  a  whole  were  close  to  1965 
levels.  The  projections  of  the  aggregate 
demand-supply  quantities — i.e.,  the  quan-  ■ 
tities  of  agricultural  commodities  supplied 
(required)  from  U.S.  agriculture  to  meet 
demand  at  equilibrium  (near-constant) 
prices — are  shown  in  table  2  for  those 
individual  products  or  commodity  group- 
ings of  relevance  to  California. 
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Procedure  for  Projecting 

California  Crop  and  Livestock 

Production 

The  U.S.  projections  in  table  2  are 
taken  as  a  point  of  departure  in  making 
most  of  the  California  crop  projections. 
The  translation  of  the  dimensions  of  the 
national  economy  into  those  of  a  single 
state,  however,  poses  formidable  method- 
ological and  data  problems.  California 
producers  and  processors  of  farm  products 
compete  with  their  counterparts  in  other 
regions  in  meeting  the  national  demands 
for  food  and   fiber.   Similarly,   California 


agriculture  must  compete  with  other  sec- 
tors of  the  California  economy  for  the  use 
of  land,  water,  capital,  and  labor  re- 
sources. To  adequately  portray  these  re- 
lationships would  require  a  multiproduct, 
multiregion,  multisector,  and  multitime 
formulation  approaching  a  general  equi- 
librium model  of  the  economy.  Such  a 
project  would  require  research  resources 
far  beyond  those  available  to  the  authors. 
(For  related  studies  on  some  individual 
components  of  such  a  formulation,  see: 
Shumway,  et  al.  [1969];  George  and  King 
[1969];  Kip  and  King  [1969];  and  Demir 
and  Carter  [1969].) 


Table  2 
PRODUCTION  OF  AGRICULTURAL  COMMODITIES:  U.S.  1961-65  AVERAGE, 
WITH  PROJECTIONS  OF  PRODUCTION  REQUIREMENTS  TO  1980  AND  2000 


Commodity 

U.S.  production 
1961-65 

U.S.  projected  production 
requirements 

Index  of  U.S.  projected 
production  f 

1980 

2000 

1980 

2000 

1,000  tons* 

133 
115 
126 
167 

154 

122 
188 
122 
117 

145 
119 

138 
146 

108 

111 
140 
130 
115 
120 
191 
140 
113 

Feed  grains: 

106,253 
15,417 
9,758 
15,355 

36,460 

3,405 

3,882 

937 

13,626 

7,592 
10,568 

270 
21,114 

3,734 

62,830 

16,229 

9,967 

709 

583 

893 

3,665 

64,080 

141,500 
17,800 
12,300 
25,600 

56,208 
4,165 
7,300 
1,145 

15,955 

11,000 
12,600 

371 
30,795 

4,042 

69,686 

22,753 

12,974 

815 

698 

1,706 

5,132 

72,613 

178,400 
15,800 
12,200 
37,700 

63,825 
4,680 

11,400 
1,445 

21,030 

14,100 
17,200 

537 
40,090 

4,702 

90,745 

30,294 

16,995 

1,082 

912 

2,224 

6,646 

95,251 

167 

Oats 

102 

125 

246 

Food  crops: 
Wheat 

175 

137 

294 

154 

Potatoes 

Fruits: 

154 

186 

Noncitrus 

Tree  nuts  (unshelled) 

Vegetables 

Cotton 

Livestock  and  products: 
Milk 

163 

199 
190 

126 
144 

187 

Pork 

Lamb  and  mutton 

171 
153 
156 

Turkeys 

249 
181 

149 

*  With  the  exception  of  eggs,  for  which  the  unit  is  1,000  eggs. 

t  Data  in  these  columns  are  relative  to  1961-65  =  100.  For  example,  the  1980  index  of  133  for  corn  means  that  a  33  per  cent 
increase  is  projected  by  1980  compared  with  the  1961-65  average. 

Source:  1961-65  data  from  U.S.  Department  of  Agriculture  [1961-68];  1980  and  2000  projections  from  Economic  Research 
Service,  U.S.  Department  of  Agriculture,  [1967,  Appendix  Table  1,  adjusted]. 
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Given  the  limitations  of  research  data 
now  available,  crop  projections  for  Cali- 
fornia rely  largely  on  projections  of  trends 
in  key  parameters  such  as  population,  in- 
come, yields  per  acre,  and  market  shares. 
The  procedures  are  as  follows: 

•  U.S.  production  required  to  meet 
demand  at  equilibrium  prices  in  1980 
and  2000  is  taken  from  the  USDA 
study,  as  reported  in  table  2. 

•  California's  projected  share  of  the  U.S. 
production  of  each  product  or  com- 
modity category  is  based  on  the  state's 
historical  share  of  the  market;  if  that 
share  has  been  changing  either  up- 
ward or  downward  over  time,  the 
share  is  projected  to  continue  chang- 
ing in  the  same  direction  but  at  a  de- 
creasing rate,  reaching  a  stable  per- 
centage share  by  1980.  In  essence,  this 
procedure  is  based  on  the  premise  that 
economic  forces  have  favored  a 
change  in  the  market  shares  by  re- 
gion, but  that,  in  an  exchange  econ- 
omy, counter  forces  such  as  changing 
resources  prices  will  tend  to  stabilize 
the  system  over  time.  If  there  is  no 
discernible  trend  in  California's  mar- 
ket share  for  a  product,  the  projection 
is  taken  to  be  equal  to  the  1961-65 
average  share. 

•  Probable  future  yield  levels  of  indi- 
vidual California  crops  are  estimated, 
based  on  the  judgment  of  crop  spe- 
cialists and  historical  trends. 

•  Projections  of  the  acreage  required 
for  crop  production  in  California  is 
based  upon  the  above  projections  of 
output  requirements  and  per  acre 
yields. 

California's  livestock  industries  are  less 
clearly  related  to  national  demand  than 
most    crop    production,    as    is    explained 


later.  California  livestock  projections  are 
derived  as  follows: 

•  Outputs  to  meet  1980  and  2000  de- 
mands for  California  livestock  prod- 
ucts are  estimated  individually.  Cali- 
fornia's production  of  milk  and  eggs 
is  expected  to  be  determined  primar- 
ily by  demand  from  within  the  state. 
Projected  state  outputs  of  individual 
meat  and  poultry  products  are  based 
primarily  on  evidence  from  previous 
research  studies,  past  trends,  and 
judgment  of  future  prospects. 

•  Production  per  animal  or  bird  and 
feed  efficiency  are  projected  on  the 
basis  of  previous  studies,  trends,  and 
the  judgment  of  livestock  specialists. 

•  Total  production,  per  animal  or  per 
bird  production,  and  feed  efficiency 
are  combined  to  estimate  projected 
livestock  and  poultry  numbers  and 
total  feed  utilization. 

Given  the  above  independent  crop  and 
livestock  projections  to  1980  and  2000,  two 
kinds  of  balances  can  be  made.  The  first 
is  a  balance  between  the  state's  production 
of  feed  grains  and  hay  and  the  aggregate 
demands  for  these  feeds  by  the  state's 
livestock  industries.  Thus,  the  state's  po- 
tential surplus  or  deficit  position  in  princi- 
pal livestock  feeds  can  be  estimated.  The 
second  balance  is  between  the  demand 
(requirements)  for  land  and  water  by  agri- 
culture in  the  state  and  the  potential 
supply  of  land  and  water  for  agricultural 
purposes,  given  urbanization  of  agricul- 
tural lands  and  prospective  new  irrigation 
developments. 

A  final  section  of  the  report  touches  on 
some  of  the  expected  changes  to  occur  at 
the  microlevel  in  agricultural  production 
and  processing,  such  as  firm  size,  organi- 
zation, and  ownership. 


CROP  PROJECTIONS  FOR  CALIFORNIA, 

1980  AND  2000 


Tables  3,  4,  and  5  provide  detailed  pro- 
jections for  individual  field  crops,  vege- 
tables, fruits,  nuts,  and  grapes,  based  on 
the    general    procedures   outlined    above. 


The  left-hand  portions  of  tables  3,  4,  and  5 
give  projections  of  U.S.  production.  In 
general,  these  are  taken  from  the  USDA 
study  [1967]  summarized  in  table  2.  How- 
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Table  I 
PRODUCTION  AND  PROJECTIONS  OF  HARVESTED  [ 
YIELD,  AND  PRODUCTION  TO  198C 


Crop 


U.S.  production 


1961-65 


2000 


California  as  percentage 
of  U.S.  production     '"■ 


2000* 


1,000  tons 


per  cent 


Citrus  fruits:* 

Oranges 

Lemons 

Grapefruit 

Subtotal 

Semitropical  fruits: 

Avocados 

Dates 

Figs 

Olives 

Subtotal 

Deciduous  fruits: 

Apples 

Apricots 

Cherries 

Nectarines 

Peaches,  clingstone. 
Peaches,  freestone. . . 

Pears 

Plums 

Prunes,  dried  weight 

Subtotal 

Tree  nuts:| 

Almonds 

Walnuts 

Subtotal 

Grapes 

Total 


5,130 

599 

1,626 


7,355 


191 


2,959 

200 

273 

61 

747 

1,040 
614 
101 
180 


6,175 


64.5 
80.2 


144.7 
3,623 
17,488.7 


8,516 

851 

2,423 


11,790 


231 


4,202 

248 

341 

99 

1,258 

1,029 

761 

125 

234 


8,297 

227.5 
142.8 

370.3 

4,348 

25,036.3 


11,030 
1,108 
3,154 

15,292 


80 


300 


5,445 
322 
442 
129 
1,631 
1,335 
989 
150 
295 


10,738 


310.3 
190.8 


501.1 
5,652 
32,483.1 


21.71 

91.15 

7.50 

24.23 


82.20 
100.00 
100.00 
100.00 

95.81 


8.20 
95.50 
9.60 
100.00 
100.00 
29.50 
49.20 
100.00 
85.00 

34.53 


100.00 
95.00 

97.44 

91.20 

43.12 


21.71 

80.00 

9.00 

23.30 

82.20 

100.00 

100.00 

100.00 

93.94 

8.20 

98.00 

9.60 

100.00 

100.00 

29.50 

45.00 

100.00 

88.46 

35.64 

100.00 

98.00 

99.24 

91.20 

40.95 

21.71 

86.  DO 
9.00 

._ 

23.32 


82.20 
100?<W 
100.00 
lOO'-DO 

94. Q0 


8.20 
98.00 
9.1,0 
100.00 
lOGUtJ 
29.50 
45.00 
100.00 
90.85 

35.58 


100. $ 
98.00 


99.24 


41.CT1 


*  Does  not  include  limes,  tangelos,  and  tangerines. 

t  Does  not  include  pecans  and  filberts. 

+  California  yields  calculated  as  a  simple  five-year  average.  Therefore,  average  bearing  acreage  times  average  yield  only  approximately 
equals  total  production.  ... 

Source:  U.S.  projections  from  U.S.  Department  of  Agriculture,  Economic  Research  Service  and  Forest  Service  [1967].  California  projections 
by  authors. 


ever,  some  exceptions  and  clarifications 
should  be  noted.  The  projection  of  re- 
quired U.S.  sugar  beet  production  to  meet 
demand  in  table  3  shows  a  less  dramatic 
increase  than  the  projection  for  raw  sugar 
in  table  2  because  the  share  of  the  total 
sugar  supply  projected  to  come  from  beets 
is  expected  to  continue  to  decline.  The 
projections  for  individual  feed  grains  in 
table   3   differ   somewhat   from   those   in 


table  2,  though  the  total  tonnage  of  all 
feed  grains  remains  the  same.  The  projec- 
tions in  table  3  reflect  the  judgment  that 
grain  sorghum  and  corn  will  increase  their 
share  of  the  total  feed  grain  supply  (rela- 
tive to  oats  and  barley)  at  a  faster  rate 
than  projected  in  the  USDA  study. 

The  USDA  study  provides  U.S.  projec- 
tions for  vegetables  only  as  a  single  cate- 
gory; that  is,  increases  of  46  per  cent  by 
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SREAGE  OF  TREE  FRUITS,  NUTS,  AND  GRAPES: 
ND  2000,  U.S.  AND  CALIFORNIA 


u  California  production 

California  yield 
per  acre  J 

California  bearing 

acres 

California  total  bearing 
and  nonbearing  acreage 

31-65 

1980 

2000 

1961-65 

1980 

2000 

1961-65 

1980 

2000 

1961-65 

1980 

2000 

1,000  tons 

tons  per  acre 

acres 

14 

1,849 

2,395 

8.88 

10.02 

11.80 

125,650 

184,531 

202,966 

175,863 

258,266 

284,067 

680 

887 

11.56 

14.72 

17.03 

47,305 

46,196 

52,085 

51,055 

49,861 

56,217 

22 

218 

284 

10.60 

15.69 

17.81 

11,423 

13,894 

15,946 

14,088 

17,136 

19,667 

82 

2,747 

3,566 

184,378 

244,621 

270,997 

241,006 

325,263 

359,951 

44 

62 

81 

2.12 

3.39 

3.79 

20,872 

18,289 

21,372 

23,101 

20,242 

23,655 

*3 

27 

35 

5.56 

7.73 

8.79 

4,153 

3,493 

3,982 

4,556 

3,832 

4,368 

65 

66 

86 

3.29 

3.29 

3.92 

19,796 

20,061 

21,939 

20,984 

21,265 

23,225 

1 

62 

80 

1.82 

1.82 

2.17 

28,242 

34,066 

36,866 

32,121 

38,747 

41,931 

P 

217 

282 

73,063 

75,909 

84,159 

80,762 

84,086 

93,179 

44 

345 

446 

11.45 

15.06 

18.04 

21,299 

22,908 

24,723 

26,407 

28,401 

30,651 

91 

243 

316 

5.25 

6.63 

7.99 

36,450 

36,652 

39,549 

41,549 

41,778 

45,080 

•26 

33 

42 

2.46 

2.46 

3.10 

10,735 

13,415 

13,548 

13,940 

17,420 

17,593 

61 

99 

129 

6.60 

8.61 

10.33 

9,226 

11,498 

12,488 

10,262 

12,790 

13,891 

tfg 

1,258 

1,631 

12.90 

15.50 

18.85 

57,938 

81,161 

86,525 

76,816 

107,944 

115,078 

U7 

304 

394 

9.00 

10.80 

13.14 

34,223 

28,148 

29,985 

38,010 

31,244 

33,283 

02 

343 

445 

8.92 

12.50 

14.82 

33,865 

27,440 

30,027 

46,600 

37,760 

41,320 

01 

125 

150 

4.18 

5.15 

6.24 

24,116 

24,272 

24,030 

29,265 

29,454 

29,160 

53 

207 

268 

1.76 

2.02 

2.49 

85,712 

102,475 
347,969 

107,631 

113,084 

135,209 

142,012 

32 

2,957 

3,821 

313,564 

368,506 

395,933 

442,000 

468,068 

34.5 

227.5 

310.3 

0.66 

0.91 

1.07 

97,389 

250,000 

290,000 

130,774 

280,000 

325,000 

76.5 

140.0 

187.0 

0.61 

0.70 

0.85 

125,639 

200,000 

220,000 

157,602 

225,000 

250,000 

.. 

41.0 

367.5 

497.3 

223,028 

450,000 

510,000 

288,376 

505,000 

575,000 

03 

3,965 

5,155 

7.38 

9.22 

11.07 

447,058 

430,043 

465,673 

479,021 

460,777 

498,953 

41  0 

10,253.5 

13,321.3 

1,241,091 

1,548,542 

1,699,335 

1,485,098 

1,817,126 

1,995,151 

1980  and  90  per  cent  by  2000  over  the 
1961-65  base  period  (table  2).  These  per- 
centage increases — with  the  exception  of 
processing  tomatoes  which  was  projected 
independently — are  adopted  as  projec- 
tions for  each  major  vegetable  category 
(tomatoes,  dark  green  and  deep  yellow 
vegetables,  other  vegetables,  melons,  mis- 
cellaneous, and  strawberries)  in  table  4. 
However,  trends  in  per  capita  consump- 


tion, and  therefore  changing  shares  of 
the  market  by  individual  vegetables 
within  a  category,  were  taken  into  ac- 
count in  making  the  projection  for  each 
commodity. 

The  USDA  study  gives  U.S.  projections 
only  for  citrus  and  non-citrus  fruits.  Be- 
cause of  their  importance  in  California 
agriculture,  it  is  desirable  for  a  further 
breakdown  as  shown  in  table  5.  The  U.S. 


[13] 


projection  for  citrus  in  table  2  is  clearly 
too  low,  as  the  1980  projection  was  ex- 
ceeded in  1966-67.  Therefore,  U.S.  citrus 
production  was  projected  at  the  higher 
level  shown  in  table  5,  reflecting  increased 
per  capita  consumption  and,  very  likely, 
equilibrium  prices  at  lower  levels  than 
those  assumed  in  the  USDA  study.  The 
1980  U.S.  projections  for  the  other 
categories  (semitropical,  deciduous,  and 
grapes)  are  close  to  those  projected  by 
Farrell  [1969],  reflecting  slight  per  capita 
increases  in  deciduous  fruit  consumption 
and  slight  per  capita  decreases  in  con- 
sumption of  semitropical  fruits  and 
grapes.  As  in  the  case  of  vegetables,  the 
projections  for  individual  fruits  take  into 
account  changing  consumption  shares 
within  each  category.  These  shares  are 
assumed  to  stabilize  by  1980.  Projections 
for  2000  were  increased  uniformly  by  30 
per  cent  over  1980,  based  on  the  USDA 
study.  The  assumption  is  that  per  capita 
consumption  roughly  stabilizes  by  1980 
so  that  subsequent  consumption  increases 
are  attributable  only  to  population 
growth. 

The  USDA  indexes  of  projected  change 
in  tree  nut  production  (table  2)  for  al- 
monds and  walnuts  appear  far  too  low  on 
the  basis  of  large  new  plantings  of  these 
crops  in  California.  Therefore,  acreages 
of  almonds  and  walnuts  were  projected 
independently  on  the  basis  of  new  plant- 
ings already  made,  plus  a  modest  rate  of 
additional  plantings  annually  to  1980  and 
2000.  The  quantities  of  nuts  forthcoming 
clearly  will  far  exceed  the  USDA  projec- 
tions in  table  2.  It  is  therefore  likely  that 
prices  will  fall,  the  magnitude  depending 
critically  on  the  export  market,  particu- 
larly for  almonds. 

The  projected  percentage  shares  of  the 
U.S.  market  to  be  supplied  by  California 
are  shown  by  commodity  in  tables  3,  4,  and 
5.  The  California  production  for  each 
commodity  shown  in  the  tables  is  calcu- 
lated simply  as  projected  United  States 
production  times  the  projected  share  of 
the  market  supplied  by  California. 

State  Yield  Projections 

The  yield  projections  in  tables  3,  4,  and  5 
have  drawn  on  a  number  of  sources,  in- 
cluding Shumway  (1969),  Stults  and  Mc- 


Kusick  (1969),  statistical  analyses  by  the 
authors,  and  the  judgments  of  agricul- 
tural research  scientists  at  the  University 
of  California  at  Davis.  The  general  pro- 
cedure was  to  make  tentative  statistical 
projections  of  yields  to  1980  based  on 
linear  or  curvilinear  time  trend  equations, 
whichever  appeared  most  appropriate 
from  a  statistical  and  logical  point  of  view. 
In  the  case  of  the  most  important  crops, 
specialists  were  then  asked  to  judge 
whether  these  yield  estimates  should  be 
modified  on  the  basis  of  additional  quali- 
tative information  regarding  new  tech- 
nology, prospective  rates  of  farmer  adop- 
tion of  technology,  changes  in  location  of 
production  within  the  state,  and  other 
yield-influencing  factors.  The  assumptions 
underlying  the  projections  were  made  ex- 
plicit in  each  case  as  follows: 

•  Yield  estimates  for  1980  are  to  be  the 
most  likely  level  of  state  average  yield 
based  on  technology  presently  known 
by  research  workers  and  new  tech- 
nology expected  to  be  available  and 
broadly  adopted  in  1980. 

•  Price-cost  relationships  are  to  remain 
at  1961-65  average  levels  (e.g.,  the 
ratio  of  fertilizer  cost  to  product  price 
to  remain  at  1961-65  levels). 

•  Normal  weather  and  growing  condi- 
tions in  the  target  year  1980. 

In  most  cases,  trend-equation  projec- 
tions to  1980  were  accepted  by  research 
specialists  as  reasonable  approximations 
to  the  most  likely  state  average  yields  in 
that  year;  in  other  cases,  some  modifica- 
tion appeared  warranted. 

Projecting  yields  to  the  year  2000  was 
done  uniformly  for  each  field  crop  by 
simply  assuming  that  the  absolute  change 
in  yield  from  1980  to  2000  would  equal 
the  projected  change  from  1961-65  to 
1980.  In  effect,  this  assumes  that  tech- 
nology will  permit  continued  yield  in- 
creases to  year  2000  at  only  a  slightly 
lower  rate  than  projected  for  the  next 
decade.  The  same  procedure  was  applied 
to  fruits,  nuts,  grapes,  and  vegetables,  with 
the  modification  that  the  group  weighted 
average  yield  index  (individual  crop  yield 
index  weighted  by  1961-65  average  acre- 
age) from  1961-65  to  1980  was  applied  to 
each    individual    commodity    within    the 
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ficient  flexibility  to  obtain  substantial 
yield  increases  within  the  probable  en- 
vironmental conditions  and  the  restraints 
likely  to  be  placed  on  agricultural  produc- 
tion by  society. 

State  Acreage  Projections 

The  right-hand  portions  of  tables  3,  4,  and 
5  provide  projections  of  California  har- 
vested acreages  in  1980  and  2000.  It  is 
emphasized  that  these  acreages  are  de- 
rived as  a  residual,  or  balancing  figure,  from 
specific  projections  of  U.S.  demand,  Cali- 
fornia's market  share  position,  and  yields 
per  acre.  Any  errors  in  these  assumptions 
would  reflect  themselves  directly  in  the 
acreage  projections.  Thus,  acreage  pro- 
jections should  be  viewed  as  the  logical 
result  of  a  set  of  plausible  but  highly  un- 
certain values  of  other  key  variables.  The 
acreage  projections  for  minor  individual 
commodities  within  a  group  are  particu- 
larly sensitive  to  misspecifications  of  the 
basic  assumptions. 

Changes  for  specific  crops 

The  following  discussion  interprets 
more  fully  some  of  the  individual  crop 
projections  of  tables  3,  4,  and  5,  including 
some  indications  of  prospective  shifts  in 
location  within  the  state.  Past  trends  in- 
dicate rather  dynamic  shifts  in  the  loca- 
tion of  particular  California  crops  (Johns- 
ton and  Dean,  1969);  current  develop- 
ments suggest  further  important  acreage 
shifts  in  the  future. 

Feed  grains.  The  U.S.  projections  in  table 
3  show  that  corn  and  grain  sorghum 
are  the  major  feed  grains  and  are  ex- 
pected to  increase  in  relative  importance 
in  the  future.  In  California,  however, 
barley  has  traditionally  been  the  major 
feed  grain,  followed  by  grain  sorghum, 
corn,  and  oats;  in  1961-65  barley  ac- 
counted for  nearly  25  per  cent  of  the  field 
crop  acreage  in  the  state.  However,  the 
general  shift  toward  corn  and  grain  sor- 
ghum in  the  U.S.  also  is  expected  to  take 
place  in  California.  Corn  acreage  in  Cali- 
fornia has  already  (1967)  recovered  from 

3  For  example,  yield  projections  to  2000  for  almonds  and  walnuts  (tree  nuts  group)  were 
made  as  follows:  The  weighted  average  yield  index  for  tree  nuts  was  125:  138  for  almonds 
(weighted  by  1961-65  acreage  of  almonds)  and  115  for  walnuts  (weighted  by  1961-65  acreage 
of  walnuts).  The  1961-65  average  yield  for  each  crop  was  then  multiplied  by  0.25  and  this 
amount  added  to  the  1980  projected  yield  of  that  crop  to  obtain  the  yield  projection  for  2000. 
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group  in  projecting  yields  to  2000.3  The 
only  exceptions  to  this  procedure  were 
for  processing  tomatoes  and  strawberries. 
In  both  cases,  the  rate  of  yield  increase 
from  1961-65  to  1980  is  not  expected  to 
continue  to  2000.  Because  of  radical  tech- 
nological changes  under  way,  yield  in- 
creases for  processing  tomatoes  to  1980 
are  expected  to  equal  the  rapid  rate  ex- 
perienced in  the  1944-55  period;  from 
1980  to  2000,  the  rate  of  increase  is  ex- 
pected to  return  to  the  1955-68  pace.  For 
strawberries,  yields  have  increased  rapidly 
in  recent  years  due  to  changes  in  tech- 
nology; yields  in  1968  were  50  per  cent 
above  the  1961-65  average.  A  rapid  rate 
of  yield  increase  is  expected  to  continue  to 
1980  as  the  industry  completes  a  conver- 
sion to  annual  summer  plantings  to  avoid 
virus  problems.  Thereafter,  further  in- 
creases are  projected  at  a  much  lower  rate. 
Projecting  yields  into  the  future,  par- 
ticularly for  so  far  distant  as  the  year 
2000,  is  obviously  hazardous.  Agricultural 
technology  has  accounted  for  steady  in- 
creases in  crop  yields  in  California  in  the 
past,  and  on  the  basis  of  known  tech- 
nology not  yet  fully  adopted  yield  in- 
creases for  another  decade  seem  assured. 
Beyond  this  period,  projections  reflect  the 
judgment  that  there  are  many  potential 
yield-increasing  technologies  which  are  yet 
to  be  exploited  but  which  will  be  devel- 
oped over  time.  More  efficient  use  of 
known  technology  is  also  expected  as  agri- 
cultural management  becomes  better  in- 
formed and  more  scientific,  although  one 
should  be  aware  of  uncertainties  involved 
in  such  assumptions.  For  example,  if  more 
rigid  environmental  and  antipollution 
controls  are  enacted  and  enforced  in  Cali- 
fornia, as  seems  quite  likely,  restrictions 
may  be  placed  on  levels  or  methods  of 
agricultural  fertilization,  spraying,  burn- 
ing, and  other  cultural  practices.  Further- 
more, air,  soil,  and  water  pollution  could 
have  a  deleterious  effect  on  agricultural 
yields  in  some  areas.  Our  assumption, 
however,  is  that  developments  in  agricul- 
tural technology  will  permit  growers  suf- 


the  abnormally  low  acreages  of  the  1961- 
65  period.  New  single  cross  hybrids  and 
the  increasing  demand  for  corn  for  food 
consumption  appear  to  be  important  fac- 
tors in  the  recovery  of  state  corn  produc- 
tion. Grain  sorghum  as  an  irrigated  crop 
is  also  expected  to  increase.  New  hybrids 
with  high  yields  and  early  maturity  are 
especially  well  suited  to  double  cropping 
(usually  with  barley  or  vegetables).  Grain 
sorghums  may  also  expand  as  a  reclama- 
tion crop  on  newly  developing  lands  of 
the  west  side  of  the  San  Joaquin  Valley. 
Future  barley  acreage  may  be  consider- 
ably reduced  beyond  the  figures  shown 
in  table  3  if  Mexican  wheat  continues  to 
develop  as  a  feed  grain  in  California.  In 
many  areas,  Mexican  wheat  appears  to 
give  higher  yields  than  barley  at  compar- 
able costs.  Therefore,  if  the  feeding  indus- 
try widely  accepts  Mexican  wheat  as  a 
feed  grain  at  prices  equivalent  to  those  for 
barley,  a  substantial  shift  could  occur.  The 
projections  for  barley  in  table  3  should 
therefore  be  considered  as  a  total  for  bar- 
ley and  Mexican  wheat,  the  proportions 
between  the  two  depending  on  the  degree 
of  acceptance  of  wheat  as  a  feed  grain. 
(The  wheat  acreage  projection  in  table  3 
excludes  Mexican  wheat.) 

As  will  be  shown  later,  California  is  now 
and  will  likely  continue  to  be  a  substan- 
tial importer  of  feed  grains.  California's 
import  position,  together  with  the  fact 
that  it  produces  less  than  2  per  cent  of  U.S. 
feed-grain  output,  means  that  state  acre- 
age could  change  substantially  with  little 
change  in  price.  As  in  the  past,  therefore, 
the  acreage  of  feed  grains  in  California  is 
likely  to  be  determined  largely  by  com- 
petitive relationships  with  other  crops 
such  as  cotton,  rice,  safflower,  and,  in  some 
areas,  specialty  crops. 
Food  grains.  Table  3  shows  that  California 
rice  acreage  is  projected  to  decline  some- 
what from  1961-65  levels.  Although  U.S. 
production  is  projected  to  increase  and 
California  is  expected  to  maintain  its 
share  of  production,  yield  increases  are 
projected  to  increase  so  rapidly  that  less 
state  acreage  will  be  required  to  meet 
future  demand.  Of  course,  if  the  yield 
projections  are  too  high,  acreage  will  be 
correspondingly  underestimated.  The  crit- 
ical factor  affecting  rice  production  has 


been,  and  will  probably  continue  to  be, 
the  nature  of  federal  control  programs.  In 
the  case  of  rice,  these  have  been  largely 
conditioned  recently  by  the  level  of  rice 
shipments  to  Asia;  the  high  acreage  for 
California  was  432,000  acres  in  1968  when  J 
shipments  to  Vietnam  were  at  their  peak. 
Even  in  peacetime,  the  California  rice 
industry  is  particularly  dependent  on  the 
export  market,  as  much  of  the  California 
crop  is  not  consumed  domestically.  In  the 
long-term  future,  the  level  of  U.S.  and 
California  rice  production  will  depend  on 
the  success  of  new  varieties  (developed  by 
the  International  Rice  Research  Institute 
in  the  Philippines)  in  making  Asia  self- 
sufficient  or  a  net  exporter  of  rice.  The 
California  rice  industry  is  expected  to 
concentrate  even  further  in  the  Sacra- 
mento Valley  where  adapted  soils,  low 
water  costs,  and  processing  facilities  are 
available. 

California's  acreage  of  wheat  (aside 
from  Mexican  wheat  which  was  discussed 
as  a  feed  grain)  is  also  projected  to  decline 
from  1961-65  levels.  Because  wheat  is  ( 
generally  in  a  poor  competitive  position 
with  respect  to  other  grains  in  California 
cropping  systems  (except  where  wheat  of 
milling  quality  can  be  grown),  California's 
share  of  U.S.  wheat  production  is  pro- 
jected to  continue  declining  to  1980. 
Again,  actual  future  U.S.  production  will  i 
depend  on  the  world  wheat  situation  and 
our  national  export  position. 
Cotton.  Table  3  shows  that  California 
cotton  acreage  is  projected  to  increase 
slightly  to  1980  and  2000.  This  projection 
is  based  on  an  increase  in  U.S.  production, 
a  slightly  higher  share  of  the  U.S.  output 
produced  in  California  (equal  to  1966-67 
average  share),  and  moderate  yield  in-  4 
creases.  Here  again  acreage  and  produc- 
tion will  be  largely  dependent  on  future 
government  control  programs  which  have 
been  in  effect  in  some  form  continuously 
since  1954.  There  is  growing  evidence  that 
the  cotton  program  may  be  in  for  a  major 
revision  in  the  near  future.  The  U.S.  has  4 
always  been  the  world's  leading  cotton 
exporter,  but  exports  in  recent  years  have  A 
been  falling  as  mills  in  Britain  and  else- 
where have  turned  more  largely  to  syn- 
thetic fibers.  Substitution  of  synthetics  for 
cotton   is   also   evident   in    the   domestic 
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market.  An  additional  factor  is  the  likeli- 
hood of  some  form  of  limitation  on  gov- 
ernment payments  to  individual  produc- 
ers; this  could  have  a  substantial  impact 
on  large  growers.  As  cotton  is  currently 
the  key  high-value  crop  in  many  parts  of 
the  San  Joaquin  Valley  and  the  Imperial 
Valley,  a  substantial  reduction  in  its  com- 
petitive position  could  lead  growers  there 
to  search  for  other  high-value  alternatives 
such  as  tree  crops,  vines,  and  vegetables, 
with  possible  price  depressing  effects. 
Thus,  if  cotton  acreage  is  not  maintained 
at  about  the  current  level  as  shown  in 
table  3,  the  acreage  of  high-value  alterna- 
tives may  exceed  those  projected  in  this 
report. 

Sugar  beets.  California  sugar  beet  acre- 
age is  projected  to  increase  somewhat  by 
1980  and  substantially  by  2000  (table  3). 
The  increased  California  acreage  is  heav- 
ily dependent  on  the  U.S.  projection  that 
domestic  sugar  production  will  more  than 
double  by  2000.  The  U.S.  projection,  in 
turn,  depends  on  a  high  level  of  self- 
sufficiency  assumed  under  the  provisions 
of  the  Sugar  Act.  It  is  assumed  that  a 
larger  share  of  the  domestic  supply  will 
come  from  cane  sources  in  the  future. 
California's  share  of  the  beet  portion  of 
total  demand  is  projected  to  remain  about 
constant  because  of  acreage  controls. 
Should  the  high  U.S.  projections  fail  to 
materialize,  California  acreage  would  be 
reduced  accordingly. 

Alfalfa  hay  and  seed.  The  production  of 
alfalfa  hay  in  California  (table  3)  is  de- 
rived from  feed  requirements  for  Cali- 
fornia livestock  as  estimated  later  in  this 
report.  It  is  assumed  that  a  low-value, 
bulky  product  such  as  hay  will  be  pro- 
duced mainly  within  California,  with  only 
minor  inshipments  from  Arizona.  Given 
moderate  increases  in  yields  the  projected 
alfalfa  hay  acreage  in  1980  remains  at 
about  the  1961-65  level,  with  an  increase 
of  about  130,000  acres  between  1980  and 
2000. 

Alfalfa  seed  acreage  is  projected  to  in- 
crease substantially  in  the  state,  but  this 
is  based  on  projected  constant  yields  per 
acre;  California  alfalfa  seed  yields  have 
changed  little  since  the  early  1950's.  How- 
ever, the  acreage  is  now  concentrating 
among  experienced,  knowledgeable  grow- 


ers; and,  if  new  developments  such  as 
improved  strains  of  bees  for  pollination 
prove  successful,  yields  could  increase 
sharply.  Unless  California  should  improve 
its  share  of  the  U.S.  market  in  such  a 
case — not  an  unlikely  development — Cali- 
fornia's acreage  increase  would  be  less 
dramatic  than  shown  in  table  3. 
Safflower.  Safflower  production  is  pro- 
jected to  increase  substantially  in  Cali- 
fornia but  with  only  moderate  acreage 
increases  because  of  strong  yield  increases. 
The  United  States  Department  of  Agricul- 
ture [1967]  has  projected  vegetable  oil 
production  (here  denned  as  oil  from  soy- 
beans, peanuts,  and  flaxseed  only)  to  in- 
crease 88  per  cent  by  1980  and  127  per 
cent  by  2000  compared  with  the  1961-65 
base  period.  Safflower  oilseed  production 
as  a  percentage  of  United  States  vegetable 
oil  production  has  been  relatively  constant 
in  the  past  6  to  7  years.  Therefore,  Cali- 
fornia production  was  also  projected  to 
increase  by  88  per  cent  and  127  per  cent 
to  the  projection  dates  (table  3).  Safflower 
is  a  relatively  new  commercial  crop  in 
California,  and  therefore  important 
changes  could  take  place  in  marketing  or 
production  which  might  markedly  affect  its 
position  in  the  state.  For  example,  new 
varieties  high  in  oleic  acid  are  being  in- 
troduced in  California,  perhaps  leading  to 
expansion  in  markets  for  which  the  cur- 
rent varieties  high  in  linoleic-fatty  acid 
oils  do  not  compete. 

Dry  beans.  California  is  the  second  rank- 
ing state  in  bean  production,  accounting 
for  all  of  the  U.S.  production  of  large 
lima,  baby  lima,  and  garbanzo  beans,  plus 
large  shares  of  small  white,  blackeyes,  pink 
and  red  kidney  beans.  As  a  whole,  U.  S. 
dry-bean  production  is  projected  to  in- 
crease very  little  by  1980  and  only  moder- 
ately to  2000.  California's  share  is  pro- 
jected to  decline  slightly  which,  together 
with  yield  increases,  leads  to  little  change 
in  acreage  (table  3). 

Potatoes.  The  per  capita  consumption  of 
potatoes  has  stabilized  as  usage  of  potato 
chips,  dehydrated  potatoes,  and  frozen 
potatoes  has  increased  sufficiently  to  offset 
declines  in  fresh  potato  consumption.  A 
relatively  high  percentage  of  the  Cali- 
fornia crop  goes  to  the  fresh  market  be- 
cause of  seasonal  considerations.  Califor- 
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nia  is  therefore  expected  to  maintain  its 
share  of  the  market.  Yield  increases  will 
probably  just  about  offset  demand  so  that 
projected  acreage  remains  about  constant 
(table  3). 

Vegetables.  Processing  tomatoes  are  by  far 
the  most  important  single  vegetable  crop, 
accounting  for  around  20  per  cent  of  the 
state  vegetable  crop  acreage.  Primarily  be- 
cause mechanization  of  the  crop  has  been 
successful,  California's  share  of  U.S.  pro- 
duction has  risen  since  the  1961-65  base 
period  and  is  projected  to  stabilize  at 
about  65  per  cent.  Sharp  increases  in 
tomato  yields  are  projected  for  the  next 
decade  as  growers  become  more  experi- 
enced with  mechanized  harvesting,  and  as 
other  improvements  in  cultural  practices 
are  adopted.  Thus,  the  sharp  increase  in 
demand  is  projected  to  be  met  with  only 
moderate  increases  in  California  acreage 
(table  4). 

It  would  be  impractical  to  attempt  to 
discuss  the  projections  for  each  vegetable 
crop  individually.  The  method  of  projec- 
tion has  been  set  forth  above  and  used 
rather  mechanically.  Therefore,  the  indi- 
vidual crop  projections  are  very  tentative 
and  provided  in  table  4  for  purposes  of 
completeness.  A  more  detailed  discussion 
of  trends  in  California  production  of  indi- 
vidual vegetable  crops  is  available  in 
Johnston  and  Dean  [1969]. 

There  have  been  some  shifts  in  the  loca- 
tion of  particular  vegetable  crops  (mainly 
processed  vegetables)  to  the  San  Joaquin 
Valley  in  recent  years.  The  trend  is  ex- 
pected to  continue,  particularly  with  the 
development  of  new  irrigated  acreage  on 
the  west  side.  However,  the  Central  Coast 
and  southern  California  areas,  despite 
pressures  from  urbanization,  have  roughly 
maintained  their  total  vegetable  acreage 
because  of  seasonal  advantages  not  directly 
paralleled  in  other  parts  of  the  state  and 
nation. 

Citrus  fruits.  The  U.S.  projections  for  cit- 
rus production  requirements  in  table  2 
appear  low  in  view  of  recent  acreage  de- 
velopments. In  fact,  the  level  of  citrus  re- 
quirements projected  for  1980  was  ex- 
ceeded by  production  in  the  favorable 
weather  year  1966.  With  normal  weather 
conditions,  U.S.  citrus  production  appears 
likely  to  expand  greatly  in  the  next  de- 


cade, together  with  a  probable  decline  in 
citrus  prices.  On  the  basis  of  these  develop- 
ments, the  1980  index  of  citrus  production 
(1961-65  =  100)  was  increased  from  145  to 
160;  this  is  still  somewhat  below  the  level 
of  168  projected  to  1980  by  Farrell  [1969].  J 
Oranges  are  expected  to  comprise  a 
slightly  larger  share  of  total  citrus  con- 
sumption at  the  expense  of  lemons,  grape- 
fruit, and  other  citrus  fruits.  Urbanization  I 
in  the  orange  producing  areas  of  southern 
California,  together  with  competition  with 
Florida-produced  processed  oranges,  led  to 
a  long-term  downtrend  in  California's 
acreage  and  share  of  U.S.  orange  produc- 
tion. However,  California's  share  of  U.S. 
orange  production  appears  to  have  leveled 
off  (with  annual  fluctuations  due  to 
weather  conditions)  at  around  22  per  cent.  * 
Bearing  acreage  is  up  somewhat  since  1965 
for  both  California  Valencias  and  navels, 
and  new  plantings  in  the  San  Joaquin 
Valley  will  result  in  sharp  increases  in 
bearing  acreage  in  the  next  few  years — in  ( 
fact,  nonbearing  orange  acreage  in  1967 
was  almost  exactly  half  the  bearing  acreage 
in  that  year.  Assuming  that  California  will 
maintain  its  recent  average  share  of  U.S. 
production  and  attain  moderate  yield  in- 
creases, the  state  orange  acreage  is  pro- 
jected to  increase  from  about  175,000  acres 
in  1961-65  to  260,000  acres  in  1980  and 
285,000  acres  by  2000;  bearing  acreage  is 
projected  at  185,000  acres  in  1980  and 
203,000  acres  in  2000. 

Lemon  acreage  in  the  state  is  projected 
to  change  very  little  (table  5),  primarily  be- 
cause of  the  increasing  share  of  the  market 
being  supplied  by  Arizona.  Conversely, 
California  acreage  of  grapefruit  is  pro- 
jected to  increase,  primarily  because  of  a 
projected  increase  in  California's  share  of  { 
the  U.S.  market. 

Semitropical  fruits.  California  produces  ' 
essentially  the  entire  U.S.  output  of  fruits 
in  this  category.  Acreages  are  projected  to 
change  little,  with  yield  increases  about 
offsetting  the  upward  shift  in  demand. 
Olive  acreages  are  projected  to  increase 
substantially  between  1961-65  and  1980 
predicated  on  a  constant  yield  level  (table 
5);  while  yields  have  varied  drastically 
from  year  to  year,  there  has  been  little 
general  upward  trend  in  the  last  20  years. 
However,  new  high-yielding  plantings  in 
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parts  of  the  San  Joaquin  Valley  could 
change  this  picture  when  they  become  full 
bearing. 

Deciduous  fruits.  In  terms  of  acreage, 
peaches  (mainly  clingstone)  and  prunes  are 
the  major  crops  in  the  deciduous  fruit 
category.  The  acreages  of  both  are  pro- 
jected to  increase  substantially  while  acre- 
ages of  the  other  fruits  are  projected  to 
increase  relatively  little  (table  5).  Cling- 
stone peaches  are  well  adapted  to  Califor- 
nia Central  Valley  areas,  and  processing 
facilities  are  well  developed  in  this  area. 
Thus,  California's  share  of  the  U.S.  mar- 
ket is  expected  to  increase,  leading  to 
substantial  production  and  acreage  in- 
creases in  the  state. 

Prunes  are  well  adapted  to  mechanical 
picking  and  new  plantings  in  the  Sacra- 
mento Valley  suggest  that  the  upward  pro- 
jection in  acreage  is  reasonable.  While  the 
acreages  of  the  other  deciduous  fruits 
change  little  in  aggregate,  this  obscures 
some  rather  dramatic  shifts  of  location  of 
acreage  within  the  state.  The  acreages  of 
apricots,  cherries,  and  prunes,  in  particu- 
lar, are  shifting  rapidly  out  of  the  Central 
Coast  areas  into  the  San  Joaquin  Valley 
and  the  Sacramento  Valley.  The  pressure 
of  urbanization  in  the  San  Francisco  Bay 
area  counties  and  other  coastal  areas  has 
forced  growers  out  and,  in  general,  they 
have  relocated  in  favorable  areas  of  the 
Central  Valley.  The  deciduous  fruit  acre- 
age in  southern  California  has  steadily  de- 
clined over  time  for  the  same  reasons,  and 
will  soon  become  an  insignificant  portion 
of  the  state  total. 

Tree  nuts.  As  mentioned  earlier,  the  rapid 
recent  plantings  of  almonds  and  walnuts 
suggest  that  the  U.S.  production  projec- 
tions shown  in  table  2  will  almost  certainly 
be  exceeded.  Therefore,  future  acreage 
projections  were  revised  on  a  basis  of 
existing  bearing  and  nonbearing  acreage 
and  a  projected  decreased  rate  of  addi- 
tional new  plantings  over  time.  To  date, 
the  export  market  has  absorbed  the  in- 
creased supply  of  almonds  at  favorable 
prices.  Loyns  [1969]  estimates  very  high 
price  elasticities  of  demand  for  almonds  in 
domestic  and  foreign  markets,  which  leads 
to  some  optimism  that  the  sharp  increases 
in  supply  can  be  marketed  at  prices  only 
moderately  lower  than  current  levels.  The 


key  to  future  prices  clearly  lies  in  the 
rather  uncertain  export  market.  Limited 
foreign  supplies,  import  quality  restric- 
tions, and  tariffs  from  20  to  30  per  cent 
have  protected  domestic  walnut  prices. 
Successful  mechanization  of  walnuts  has 
been  an  important  spur  to  new  plantings 
in  recent  years.  Given  the  prospective  in- 
creases in  California  acreage  and  produc- 
tion of  walnuts,  a  greater  dependency  on 
foreign  market  outlets  is  not  unlikely. 
Grapes.  California  produces  over  90  per 
cent  of  the  U.S.  grape  crop.  Three  general 
categories — raisin,  wine,  and  table  grapes 
— are  produced  in  California  and  sold  in 
highly  interrelated  markets.  Raisin  varie- 
ties, predominately  Thompson  Seedless, 
account  for  two-thirds  of  the  state  acreage, 
but  nearly  40  per  cent  of  the  production 
of  Thompson  Seedless  goes  into  the  wine 
outlet,  along  with  90  per  cent  of  the  wine 
grapes  and  some  table  grapes.  The  over- 
all projection  for  grapes  is  for  nearly  a 
constant  acreage,  with  yield  increases 
about  offsetting  changes  in  demand.  How- 
ever, there  may  be  a  substantial  change  in 
varietal  classes.  For  example,  the  increas- 
ing demand  for  higher  quality  wines  in  the 
U.S.  may  lead  to  increased  acreages  of 
moderate  yielding,  higher  quality  wine 
varieties  in  the  San  Joaquin  Valley. 

Acreage  projections  of  field  crops, 
trees,  vines,  and  vegetables 

The  above  set  of  projected  crop  acreages 
for  1980  and  2000  is  summarized  by  indi- 
vidual crop  and  crop  category  in  table  6. 
Comparisons  are  provided  with  the  aver- 
age annual  acreage  in  the  1961-65  base 
period  as  well  as  with  acreages  for  the  most 
recent  years  of  available  data,  1966 
through  1968.  It  is  apparent  in  several 
cases  that  the  directions  and/or  magni- 
tudes of  the  long-term  projections  run 
counter  to  the  experience  in  the  1966-68 
period.  For  example,  food  grain  (wheat 
and  rice)  acreage  has  increased  consider- 
ably since  the  1961-65  base  period, 
whereas  long-term  projections  show  de- 
clines in  acreage.  The  explanation  is  that 
acreage  allotments  of  rice  in  California 
were  expanded  in  the  1966-68  period  be- 
cause of  shipments  of  rice  to  the  Far  East 
as  a  result  of  the  Vietnam  war;  such  ship- 
ments are  considered  temporary  and  not 
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part  of  the  permanent  demand  structure 
for  U.S.  rice  employed  in  projecting  acre- 
ages in  the  U.S.  and  California. 

Cotton  acreage  in  California  in  the 
1966-68  period  has  been  below  the  1961— 
65  level,  whereas  the  long-term  projection 
in  table  6  is  for  an  increase  in  acreage.  In 
this  case,  the  projected  increase  in  Cali- 
fornia acreage  is  based  on  a  U.S.  produc- 
tion level  which  may  be  over-optimistic  in 


view  of  competition  from  man-made  fibers. 
The  level  of  this  projection  is  important 
because  cotton  is  located  on  some  of  the 
prime  land  in  the  state,  where  sharp 
changes  in  the  cotton  acreage  would  affect 
the  acreage  levels  of  alternative  crops. 

The  tomato  acreage  projection  would 
appear  to  be  an  underestimate  relative  to 
data  for  1966  to  1968.  However,  the  large 
increases   in   canning   tomato   acreage   in 


Table  6 

SUMMARY  OF  CALIFORNIA  HARVESTED  ACREAGES  OF  FIELD  CROPS, 

VEGETABLES,  TREE  FRUITS,  NUTS,  AND  GRAPES:  PROJECTIONS  TO 

1980  AND  2000  COMPARED  WITH  1961-65  AVERAGE  AND 

1966  TO  1968  ANNUAL  ACREAGE 


Crop 


Harvested  acreage* 


1961-65 
average 
actual 


actual 


1967 
actual 


1968 
actual 


1980 
projected 


2000 
projected 


Percentage  change 


1961-65 
average 
to  1980 


1961-65 
average 
to  2000 


per  cent 


Field  crops: 

Feed  grains 

Food  grains 

Sugar  beets 

Cotton 

Dry  beans 

Potatoes 

Safflower 

Alfalfa  seed 

Alfalfa  hay 

Other  hay 

Other  field  crops 

Subtotal 

Vegetables : 

Tomatoes 

Dark  green  and  deep 

yellow 

Other  vegetables 

Melons 

Other  misc.  vegetables 
Strawberries 

Subtotal 

Tree  fruits,  nuts,  and 
grapes : 

Citrus  fruits 

Semitropical  fruits 

Deciduous  fruits 

Tree  nuts 

Grapes 

Subtotal 

Total 


1,924,200 

1,985,000 

2,179,000 

2,036,000 

1,897,767 

619,200 

630,000 

710,000 

811,000 

521,875 

285,900 

269,700 

200,800 

254,000 

325,083 

764,600 

618,000 

588,000 

687,000 

837,692 

217,200 

223,000 

189,000 

214,000 

214,688 

101,300 

114,000 

110,300 

92,100 

93,547 

260,600 

341,000 

300,000 

165,000 

364,394 

114,400 

105,000 

97,000 

98,000 

160,274 

1,161,400 

1,141,000 

1,164,000 

1,152,000 

1,151,333 

683,200 

654,000 

733,000 

712,000 

616,000 

149,800 

137,900 

139,800 

130,100 

149,800 

6,281,800 

6,218,600 

6,410,900 

6,351,200 

6,332,453 

177,900 

195,000 

219,300 

263,200 

198,635 

63,120 

67,400 

72,500 

79,800 

83,805 

327,840 

331,500 

344,900 

355,900 

415,651 

72,690 

64,000 

68,000 

77,650 

85,719 

41,580 

40,400 

39,320 

40,150 

41,580 

9,820 

7,800 

8,000 

8,600 

7,590 

692,950 

706,100 

752,020 

825,300 

832,980 

241,006 

263,540 

269,530 

288,751 

325,263 

80,762 

75,260 

75,650 

76,504 

84,086 

395,933 

393,760 

392,410 

389,755 

442,000 

288,376 

341,690 

356,120 

384,385 

505,000 

479,021 

489,890 

486,740 

477,554 

460,777 

1,485,098 

1,564,140 

1,580,450 

1,616,649 

1,817,126 

8,459,848 

8,489,640 

8,743,370 

8,793,449 

8,982,559 

,025,542 
464,909 
442,065 
846,667 
246,587 
101,859 
347,904 
226,200 

,281,203 
647,000 
149,800 


6,779,736 


226,114 

94,525 
482,977 
103,598 

41,580 
9,020 


957,814 


359,951 
93,179 
468,068 
575,000 
498,953 


1,995,151 
9,732,701 


-  1.37 
-15.71 

13.70 

9.55 

-1.15 

-  7.65 
39.82 
40.09 

-  0.86 

-  9.83 
0.00 

0.80 


11.65 

32.77 
26.78 
17.92 
-  0.00 
-22.70 

20.20 


34.96 
4.11 
11.64 
75.11 
-  3.80 

22.36 

6.18 


5.26 
-24.91 
54.62 
10.73 
13.52 
0.55 
33.50 
97.72 
10.31 
-  5.92 
0.00 


7.92 


27.10 

49.75 
47.32 
42.52 

-  0.00 

-  8.14 

38.22 


49.35 
15.37 
18.22 
99.39 
4.16 

34.34 

15.04 


*  Includes  bearing  plus  nonbearing  acreage  for  tree  fruits,  nuts,  and  grapes. 
Source:  Tables  3,  4,  and  5. 
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1968  led  to  large  carry-overs  and  acreages 
have  since  been  reduced.  Also,  substantial 
yield  increases  are  expected,  reducing  the 
acreage  increase  required  to  meet  demand. 

Table  6  shows  that  from  1961-65  to 
1980  the  acreage  of  field  crops  is  projected 
to  remain  about  constant,  while  vegetable 
acreage  increases  about  20  per  cent  and 
tree  fruit,  nut,  and  grape  acreage  increases 
about  22  per  cent.  In  terms  of  harvested 
acreages  of  these  crops,  the  1980  projec- 
tion is  about  0.5  million  acres  above  the 
1961-65  average  acreage,  with  increases  of 
140,000  acres  of  vegetables,  332,000  acres 
of  tree  fruits,  nuts  and  grapes,  and  only 
about  50,000  acres  of  field  crops.  Thus,  the 
composition  of  the  state  crop  acreage  to 
1980  shows  an  intensification  toward  the 
higher-valued  specialty  crops. 

From  1980  to  2000,  the  projected  in- 
creases in  tree,  vine,  and  vegetable  acre- 
ages are  less  dramatic — an  additional 
178,000  acres  of  trees  and  vines  and 
125,000  acres  of  vegetables  between  1980 
and  2000.  These  lower  rates  of  increase  re- 


flect primarily  a  leveling  off  in  the  pro- 
jected per  capita  consumption  of  these 
commodities  as  incomes  reach  higher 
levels.  On  the  other  hand,  projected  field 
crop  acreage  increases  by  nearly  450,000 
acres  between  1980  and  2000.  This  increase 
reflects  primarily  additional  feed  grains 
and  hay  to  support  higher  livestock  pro- 
duction and  increases  in  sugar  beet  and 
alfalfa  seed  acreages.  As  will  be  discussed 
later,  the  projections  for  feed  grains  and 
hay  could  well  be  too  high,  particularly  if 
beef-cattle  feeding  should  decline.  Also,  as 
mentioned  earlier,  cotton  acreage  could 
continue  to  decline  rather  than  increase 
because  of  competition  from  synthetics. 
Finally,  as  land  and  water  costs  in  Califor- 
nia increase,  the  comparative  advantage  of 
growing  many  of  the  lower  valued  field 
crops  is  likely  to  shift  to  other  parts  of  the 
U.S.  Thus,  the  projected  increase  of  field 
crops  to  2000  is  based  on  a  number  of  con- 
ditions which  could  be  altered  consider- 
ably in  30  years. 


LIVESTOCK  PROJECTIONS  FOR  CALIFORNIA, 

1980  AND  2000 


Most  major  California  crops  such  as  cot- 
ton, sugar  beets,  rice,  fruits,  nuts,  and 
vegetables  comprise  a  substantial  propor- 
tion of  total  U.S.  production.  The  markets 
for  these  crops  are,  therefore,  nationwide, 
and. California's  future  production  can  be 
reasonably  projected  as  a  share  of  U.S. 
total  demand  as  was  done  in  the  previous 
section.  This  procedure,  however,  is  not 
justified  for  many  livestock  products  since 
California  is  in  a  strong  deficit  position  in 
meat  products. 

Projections  of  California  production  of 
milk  and  eggs  can  be  reasonably  tied  to 
growth  in  California  demand.  Although 
some  dairy  products  are  shipped  between 
states,  and  while  California  has  recently 
exported  a  small  percentage  of  her  egg 
production,  the  high  cost  of  transporting 
bulky  perishable  items  such  as  fluid  milk 
and  fresh  eggs  suggests  that  major  inter- 
state shipment  as  a  continuing  practice  is 
unlikely.  Therefore,  future  milk  and  egg 
production   are  assumed   to   depend  pri- 


marily on  California  population  increases 
and  California  projected  per  capita  con- 
sumption. 

A  suitable  projection  basis  is  less  evident 
for  meat  products.  California  presently 
imports  about  40  per  cent  of  the  beef,  98 
per  cent  of  the  pork,  and  70  per  cent  of 
the  broiler  meats  consumed  in  the  state; 
California  is  an  exporter  only  of  turkeys. 
All  of  these  products  are  easily  shipped 
between  states  and,  with  the  exception  of 
turkeys,  California's  share  of  total  U.S. 
production  is  relatively  small.  For  this 
reason,  the  projections  of  beef  cattle, 
sheep,  hog,  broiler,  and  turkey  production 
are  based  on  recent  trends  modified  by 
judgment  concerning  possible  new  de- 
velopments. 

On  the  basis  of  detailed  livestock  pro- 
jections, it  is  possible  to  approximate  fu- 
ture utilization  by  livestock  of  feed  grains, 
by-product  feeds,  hay,  and  pasture  and  to 
compare  these  with  the  estimates  of  Cali- 
fornia  feed   production  developed  inde- 
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pendently  and  presented  earlier  in  table 
3.  Taken  together,  the  two  sets  of  projec- 
tions provide  an  estimate  of  future  feed 
production-livestock  consumption  bal- 
ances and  required  feed  imports  under 
one  plausible  set  of  assumptions.  The 
sensitivity  of  these  balances  is  also  ex- 
amined under  alternative  assumptions 
regarding  some  of  the  key  variables. 

A  recent  study  by  Snider  and  King 
[1970]  provides  estimates  of  the  feed  utili- 
zation, by  type  of  feed  and  livestock  cate- 
gory and  the  balance  with  feed  produc- 
tion in  California,  for  the  period  1961-65. 
Thus,  for  the  first  time  a  reasonably  ac- 
curate and  internally  consistent  set  of  esti- 
mates of  feed  production  and  utilization 
is  available  for  California.  Starting  with 
these  estimates  for  the  base  period,  1961- 
65,  projections  of  feed  utilization  per  head 
of  livestock  have  been  made  to  1980  and 
2000  based  on  general  assumptions  of  in- 
creased feed  efficiency  for  livestock  adapted 
from  Landsberg,  Fischman,  and  Fisher 
[1963]  as  shown  in  table  7.  Although  both 
medium  and  high  efficiency  assumptions 
are  included,  the  medium  assumptions  ap- 
pear most  likely  and  are  used  in  general 
in  determining  feed  requirements  in  sub- 
sequent California  livestock  projections. 

Table  7 

INDEXES  OF  FEED  EFFICIENCY 

(POUNDS  CORN  EQUIVALENT  PER 

POUND  OUTPUT  OR  PER  EGG) 

FOR  LIVESTOCK,  PROJECTED  TO 

1980  AND  2000* 


Livestock 
category 

Medium  efficiency 

High  efficiency 

1980 
index 

2000 
index 

1980 
index 

2000 
index 

Cattle  and 

calves 

Hogs 

Milk 

91 
91 
92 
86 
85 

91 
86 
83 
81 
68 

81 
80 
84 
74 
70 

78 
73 
75 

Poultry 

Eggs 

69 
53 

*  Data  in  table  are  relative  to  1961-65  =  100.  For  example, 
a  1980  index  of  91  means  that  only  91  per  cent  as  much  feed  is 
required  per  pound  of  gain  in  1980  as  in  the  1961-65  average. 
Lower  index  values  therefore  mean  higher  efficiency. 

Source:  Adapted  from  Landsberg,  Fischman,  and  Fisher 
1963],  Table  12-1,  Part  B,  p.  242. 


Dairy  Cattle 

The  dairy  projections  to  1980  and  2000 


draw  on  the  work  of  Forker  [1965]  and 
Siebert  [1967],  with  modifications  and  ex- 
tensions. Per  capita  consumption  of  class 
I  milk  in  California  has  been  steadily 
falling,  but  at  a  declining  rate,  from  a 
high  of  about  320  pounds  in  1956-57  to 
about  280  pounds  in  1967.  It  is  projected 
that  per  capita  class  I  usage  will  level  off 
at  270  pounds  by  1980  and  remain  con- 
stant to  2000.  On  the  other  hand,  the 
percentage  of  California  milk  production 
going  into  class  I  usage  has  increased  from 
around  58  per  cent  in  the  early  1950's  to 
about  64  per  cent  in  1967.  It  is  projected 
that  this  percentage  will  level  off  at  about 
66  per  cent  in  1980  and  remain  constant 
to  2000.  These  assumptions,  taken  together 
with  a  California  population  of  26.5  mil- 
lion in  1980  and  38.6  million  in  2000, 
lead  to  a  total  milk  production  of  10,984 
million  pounds  in  1980  and  16,012  million 
pounds  in  2000,  or  increases  of  31  per 
cent  and  91  per  cent,  respectively,  over  the 
1961-65  base  period. 

Milk  production  per  cow  has  increased 
at  a  near  linear  rate  from  7,700  pounds 
per  cow  in  1952  to  11,150  pounds  per  cow 
in  1967,  with  the  rate  of  increase  showing 
signs  of  slackening  only  in  the  past  5 
years.  Assuming  that  additional  increases 
will  come  at  a  decreasing  rate,  the  pro- 
jections are  for  a  12,500-pound-per-cow 
average  for  California  in  1980,  and  13,250 
pounds  per  cow  in  2000.  With  these  rates 
of  production  per  cow,  the  above  pro- 
jected milk  production  for  California  can 
be  met  with  965,000  cows  in  1980  and 
1,208,000  cows  in  2000— increases  of  10 
per  cent  and  38  per  cent,  respectively,  over 
the  base  period  1961-65.  It  might  be 
added  that  past  projections  of  California 
milk  production  per  cow  have  usually 
been  far  too  conservative.  If  the  present 
projections  incorporate  this  same  under- 
estimate, the  required  number  of  cows  to 
meet  prospective  demand  would  of  course 
be  correspondingly  lower. 

Table  8  summarizes  dairy  cattle  num- 
bers, feed  requirements  per  head,  and 
total  feed  requirements  for  the  dairy  in- 
dustry for  the  1961-65  base  period  to- 
gether with  projections  to  1980  and  2000. 
The  1961-65  feed  requirements  per  head 
are  from  Snider  and  King  [1970].  Total 
feed  requirements  are  obtained  by  multi- 
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plying  these  feed  requirements  by  the 
numbers  of  dairy  animals  in  each  class  in 
1961-65.  Projections  to  1980  and  2000  are 
derived  under  the  following  assumptions: 

(1)  milk  cow  numbers  (cows  plus  heifers, 
two  years  and  older)  are  as  derived  above; 

(2)  the  numbers  of  animals  in  the  other 
categories  retain  the  same  proportions  to 
cows  as  the  1961-65  period;  and  (3)  feed 
requirements  per  head  remain  at  the  1961— 
65  level.  The  last  assumption  may  appear 
questionable  in  that  substantially  higher 
milk  production  per  cow  is  obtained  with 
the  same  amount  of  feed  used  in  1961-65. 
However,  the  increase  in  feed  efficiency 
implied  by  these  assumptions  is  equal  to 
the  high  feed  efficiency  projection  for  1980 
shown  earlier  in  table  7,  and  midway  be- 
tween the  medium  and  high  feed  effi- 
ciency projections  for  2000.  Furthermore, 
concentrate  levels  in  table  8  are  sufficient 
to  support  the  higher  milk  output  per 
cow  on  well-managed  California  farms 
with  high-quality  cows  and  using  high- 
quality  alfalfa  hay.  With  increasing  em- 
phasis on  selection  of  high-producing 
cows,  heavier  culling,  and  disease  control, 
the  above  projections  appear  quite  plausi- 
ble as  future  industry  averages. 

Beef  Cattle 

The  beef  cattle  feedlot  industry  has  ex- 
panded rapidly  in  California  in  the  post- 
war years:  in  the  past  decade  alone,  cattle 
and  calves  marketed  from  California  feed- 
lots  increased  from  about  1.3  to  2.2  million 
head.  The  number  of  feedlots  has  de- 
clined, but  the  average  size  of  the  remain- 
ing lots  has  increased  substantially  so  that 
total  feedlot  capacity  has  greatly  ex- 
panded. Practically  all  beef  cattle  fed  in 
the  state  are  fattened  in  large-scale  estab- 
lishments, finishing  an  average  of  about 
1.6  lots  per  year  as  of  1963,  according  to 
Hopkin  and  Kramer  [1965].  Total  beef 
consumption  in  California  has  also  ex- 
panded rapidly  in  this  period.  Thus, 
despite  the  rapid  expansion  of  fed  cattle 
in  the  state,  the  numbers  marketed  from 
California  feedlots  supply  only  about  half 
the  total  number  of  head  required  to  meet 
California  consumption.  The  remaining 
supply  is  met  by  inshipments  of  live  and 
dressed     beef,     and     by     dairy     animals 


slaughtered  as  a  by-product  of  the  dairy 
industry. 

Daly  and  Egbert  [19666]  projected  U.S. 
per  capita  consumption  of  beef  and  veal 
to  increase  from  about  100  pounds  in  the 
1961-65  base  period  to  over  120  pounds 
in  1980.  On  the  basis  of  data  from  a  study 
by  the  ERS,  USDA  [1967],  the  authors 
have  projected  per  capita  consumption  to 
increase  to  126  pounds  by  2000.  Hopkin 
and  Kramer  [1965]  report  that  California 
consumption  of  beef  is  30  per  cent  higher 
than  the  national  average.  Assuming  that 
this  difference  continues  to  1980  and  2000, 
California  per  capita  consumption  of  beef 
and  veal  would  be  152  pounds  and  164 
pounds,  respectively.  Using  Hopkin  and 
Kramer's  [1965]  estimated  carcass  weight 
for  beef  of  590  pounds  and  given  Califor- 
nia's projected  population,  approximately 
6.8  million  head  of  beef  cattle  would  be 
required  to  meet  California  demand  in 
1980  and  10.7  million  head  to  meet  de- 
mand in  2000.  If  California  were  to  con- 
tinue to  supply  around  50  per  cent  of 
these  figures,  feedlot  numbers  would  need 
to  increase  from  around  2.0  million  head 
in  1961-65  to  3.4  million  in  1980  and  5.3 
million  head  in  2000.  Increases  in  feedlot 
numbers  of  these  magnitudes  do  not  ap- 
pear likely.  King  and  Schrader  [1963] 
showed  that  the  southern  and  Great 
Plains  areas  have  substantial  cost  advan- 
tages over  California  in  beef  feeding, 
primarily  because  of  lower  feed  grain  costs 
and  feeder  calf  availability.  Historically, 
California  has  remained  competitive 
through  greater  feed  efficiency  and  larger- 
scale  lots  than  other  areas.  It  appears 
doubtful  that  such  an  advantage  can  be 
maintained  indefinitely  over  comparable 
large-scale  lots  now  developing  in  Texas, 
Oklahoma,  Nebraska,  Colorado,  and  other 
areas.  A  recent  USDA  study  [1970]  re- 
ported a  net  increase  of  36  feedlots  in  the 
United  States  in  1969  with  a  capacity  of 
over  16,000  head  per  year.  The  net  in- 
creases by  state  were  Texas  (17),  Kansas 
(12),  Colorado  (3),  Oklahoma  (2),  and 
Arizona  (2).  California  had  no  net  in- 
crease, although  there  was  a  decrease  by 
three  lots  in  the  16,000-32,000  head  ca- 
pacity category  and  an  increase  by  three 
lots  in  the  over  32,000  head  capacity  cate- 
gory.  Cattle  marketings  from  California 
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feedlots  have  also  declined  by  about 
200,000  head  from  the  1965  high  of  nearly 
2.3  million  head. 

Thus,  the  weight  of  evidence  seems  to 
indicate  a  probable  slowing  down  of  the 
'?  sharp  uptrend  in  California  feedlot  mar- 
ketings experienced  over  the  past  decade. 
A  reasonable  projection  for  1980  would 
appear  to  be  2.5  million  head,  an  increase 
of  approximately  0.4  million  over  num- 
bers in  1967  and  0.2  million  over  the  peak 
number  in  1965.  This  would  imply  a  drop 
V  from  around  50  per  cent  in  the  1961-65 
period  to  37  per  cent  in  1980  in  the  share 
of  California  beef  consumption  coming 
from  California  feedlots.  (The  share  in 
1967  was  around  45  per  cent;  Hopkin  and 
Kramer  [1965],  however,  project  that  feed- 
lot  capacity  in  California  would  be  ade- 
quate to  produce  48  per  cent  of  the  state's 
supply  in  1975.)  Assuming  a  further  drop 
in  this  share  to  30  per  cent  by  2000  would 
imply  feedlot  marketings  of  3.2  million 
head.  It  is  recognized  that  California  feed- 
lot  projections  cannot  be  made  with  great 
confidence,  yet  they  are  of  considerable 
importance  in  calculating  future  feed 
production-consumption  balances  in  Cali- 
fornia. Therefore,  the  feed  implications  of 
alternative  feedlot  numbers  are  examined 
in  a  later  section. 

In  recent  years,  inshipments  of  stockers 
and  feeders  have  been  slightly  over  twice 
the  number  of  calves  raised  in  the  state. 
Increasing  substantially  the  number  of 
calves  produced  off  range  appears  unlikely 
in  view  of  the  keen  competition  in  grazing 
areas,  particularly  at  higher  elevations,  by 
recreation,  water  development,  and  tim- 
ber interests.  These  factors,  coupled  with 
the  fact  that  cattle  ranching  generally 
returns  low  profits,  suggest  only  a  limited 
possibility  for  expansion  in  range  cattle 
numbers  in  the  state  (Dean,  Finch,  and 
Petit,  1966;  Ching,  1967).  Thus,  it  is  as- 
sumed that  beef  calves  raised  in  California 
as  a  per  cent  of  feedlot  marketings  will 
continue  to  drop  from  40  per  cent  in 
1961-65  to  37  per  cent  in  1980  and  2000. 
With  a  calf  crop  of  88  per  cent,  this  im- 
plies beef  cow  numbers  increasing  from 
889,000  head  in  1961-65  to  1,049,000  and 
1,342,000  in  1980  and  2000,  respectively. 

Table  9  shows  the  1961-65  numbers  of 
beef  animals  by  category  with  projections 


to  1980  and  2000  as  indicated  above.  Feed 
requirements  for  1961-65  have  been  esti- 
mated by  Snider  and  King  [1970],  Pro- 
jections of  feed  requirements  to  1980  and 
2000  shown  in  table  9  are  based  on  the 
medium  level  gains  of  feed  efficiency  (1980 
and  2000  index  =  91,  1961-65  =  100) 
shown  in  table  7. 

Sheep  and  Lambs 

Sheep  production  in  California  has  de- 
clined gradually  over  the  past  decade, 
with  mature  ewe  numbers  dropping  from 
about  1.4  to  1.2  million.  Strong  competi- 
tion for  available  range  land  from  beef 
cattle,  as  well  as  from  nonagricultural 
uses,  has  been  a  factor  in  reducing  num- 
bers. Most  of  the  lambs  from  these  flocks 
are  fed  on  pasture  in  the  state,  although 
the  numbers  have  been  supplemented 
with  annual  inshipments  of  around  350,- 
000  head  of  stocker  and  feeder  lambs. 

Almost  all  of  California's  fed  lambs  are 
finished  on  pasture  rather  than  being  fed 
in  drylot  (Spurlock,  1968).  Pasture  feed- 
ing results  in  cheaper  gains  than  drylot 
feeding  because  of  high  concentrate 
prices.  The  principal  lamb-feeding  areas 
are  Imperial  Valley,  where  lambs  are  fed 
over  the  winter  on  alfalfa  pasture  and 
vegetable  and  sugar  beet  aftermath  feeds, 
and  the  Sacramento  Valley,  where  a  larger 
percentage  are  fed  on  summer  irrigated 
pasture  as  well  as  on  grain,  beet,  or  vege- 
table aftermath  feeds.  In  general,  how- 
ever, lamb  feeding  is  not  in  a  strong  com- 
petitive position  for  land  resources  in  the 
irrigated  areas,  and  consequently  numbers 
fed  have  dropped  in  the  past  decade  from 
about  1.3  to  1.0  million  head. 

With  the  above  in  mind,  the  downward 
trend  in  mature  ewe  numbers  has  been 
projected  to  level  out  at  1,150,000  head  in 
1980  and  remain  constant  to  2000.  Lamb 
feeding  is  projected  to  contract  propor- 
tionately. The  resulting  numbers  are  re- 
ported in  table  10,  together  with  feed  re- 
quirements per  head  and  total  require- 
ments. Because  most  of  the  feeding  is  on 
pasture  and  aftermath  grazing,  no  increase 
in  feed  efficiency  is  assumed  in  1980  and 
2000. 

Hogs 

Hog  production  in  California  has  been 
declining  steadily  since  World  War  II.  In 


[27] 


m 
H 

I— I 
P 

G? 
W 

Q 
fa 

H 

O 
H 

Q 

Q 
< 

W 

w 

OC 

H 

cd  O 
«  tf 


w 


w 


fa  ^ 


OS 

eo 

05        •    N    (O    « 

CO        •    M    ffl    p- 

CO        •    N    Ol    r 

O       •    O    CN    C 

CO 

i 

CO 

^ 

co           ^ 

CM                l-H 

"* 

=P 

CO     CO         ■     i-l     -*f 

-* 

CM    ^H         •     OO    ■* 

"0 

w 

O    CO             CM 

CC 

OS     CO                ^H     O 

^ 

" 

■ag* 

•     CM 

CM 

.    o        - 

o 

£32 

i-i 

1-1 

^H 

§ 

E-i  o*3 

§ 

Jg 

8" 

§  ,  § 

-    U5 

»c 

.  «o     . 

"5 

.fi   >»rt 

8 

o 

c 

o 

o 

■3 

*"■ 

"cJ 

O 

H 

b,   a 

1?  c 

.     CO        .        . 

cc 

.    »o       . 

«0 

fe" 

c 

o 

o 

CB 

09 

5 

^ 

CO        •    O    CO    w 

i 

fc> 

^ 

Ph 

■^ 

S3 

CO    O        ■    CD    !£ 

>> 

W 

CM 

o> 

a 
1 

"5 

CO 
CO 

111 

.   o      •      ■ 

1* 

1—1 

o 

CD 

03 

a 

S3    ,   § 

"3 

e 

3 

.    ©       .       . 

■3  Zr* 

CO 

co 

0> 

a 

03 

CO 

-g 

•»1  £"§ 

W  2-°  £ 

Ph 

a     a 

1>  i 

.    o 

a>  e3 

^& 

■* 

8"« 

O    CO    CO    ©    -3 

E 

s  a  s,s 

»  n  n  io  ^ 

CM             i-h    CM 

KO    CM    O    CO    ** 
^H             ©CM 

M 

SkoS 

O    CO    CM    O    OC 

O    CO    CM    O    OC 

• 

as.2* 

O    CM    l^    O    CO 
©             00    CM 

©  cm  t^  ©  c- 

O             OO    CM 

z 

tH 

3 

fi 

03 

a 
•a 

c5 

on 

03 

a 

0     *T 

0 

fi 

-1-2 

S 

cr 

+. 

c 
a 
F 

O 
09 

a 

CD 
> 

CP 
> 

o 

o   -g    a 

G     C. 

SP  fi  - 

a   S   c 

E-i 

-a 

"2   «   £ 

T3 

=3  8  ft 

03  8  Si  a  £ 

fi            03   £     _ 
03     oq     S     a    £ 

-^  sfi2 

"c 

1    S  T3    **    h 
"  ^     03     d     C 

3 

o 

--  .§  J5  JS  * 

H 

■  5  -S  -3  2 

H 

|  "S  a  s  a 

i » §  i  1 

HhhlHtf 

Wfei-lHrt 

S3 

09 

s  a 

1      c3 
3      CI) 

CT>       > 

CT>      0    O 

« 

""a 
o£ 


■S.8 

||| 

<ilO  „ 

a50  a 

°S« 
EitS-g 


H 
P3 

l-H 
P 

OP 

Q 

w 

Eh 

go 


CI 


OS 

W  Eh 

W  Q 

Ph  U 

go  C-3 
H  o 

l« 

£w 

Ph   £ 

DQ    rH 

Ph   £ 

pq 

i 
p 

£ 

o 
o 
w 


o  & 
>> 


1-^ 

127.4 
94.0 

94.0 
88.9 

14.2 
10.5 

10.5 
9.9 

•  o 

co 

•     00 

© 

CO 

•  o 

oo 
cm 

CO 

O 

!  &£ 


IS      3 

co     en 


8   o 

>    T3 


I  a 

0J.3 


n 

M 

4)  * 


COM 


O,  cu 


l-H    4, 
-*"2 


a  a 

o  o 


the  past  decade  the  number  of  pigs  saved 
annually  in  the  state  has  halved,  reaching 
a  level  of  about  260,000  in  1966  and  1967. 
Over  the  same  period,  the  percentage  of 
total  California  hog  slaughter  coming 
from  pigs  raised  in  the  state  has  dropped 
from  about  25  per  cent  to  15  per  cent. 
Major  factors  in  the  decline  are  high  con- 
centrate prices  in  California  relative  to 
the  midwest,  and  a  decline  in  garbage- 
fed  hogs  in  the  state. 

The  long-term  downtrend  in  the  num- 
ber of  California  pigs  saved  appears  to 
have  leveled  off  somewhat  in  recent  years, 
although  numbers  decreased  sharply  in 
1968.  The  authors  have  projected  a  slight 
further  decline  to  below  250,000  head  in 
1980  and  2000  (table  11).  Feed  efficiencies 
in  1980  and  2000  are  expected  to  improve 
to  the  rates  shown  earlier  in  table  7. 

Poultry 

The  poultry  industry  is  comprised  of  three 
distinct  enterprises:  egg  production,  tur- 
key production,  and  broiler  and  fryer 
production.  Separate  projections  are  made 
for  each. 

Egg  Production 

In  the  past  decade  California's  apparent 
per  capita  egg  consumption  has  exceeded 
that  of  the  U.S.  average  by  about  22  eggs. 
Projections  by  the  Economic  Research 
Service,  U.S.  Department  of  Agriculture 
[1967]  show  U.S.  per  capita  egg  consump- 
tion declining  to  308  per  capita  in  1980 
and  2000.  Retaining  the  22  egg  per  capita 
difference  for  California  results  in  a  pro- 
jected consumption  of  330  eggs  per  capita 
in  the  state.  Taking  into  account  Califor- 
nia population  increases,  correcting  for 
hatching  eggs,  and  assuming  a  return  to 
self-sufficiency  rather  than  exporting 
around  5  per  cent  of  California  eggs  as 
has  been  the  case  in  recent  years,  total 
egg  production  in  California  would  in- 
crease from  about  6,837  thousand  an- 
nually in  1961-65  to  8,527  thousand  in 
1980  and  12,430  thousand  in  2000. 

Egg  production  per  layer  in  California 
has  been  consistently  above  the  U.S.  av- 
erage until  the  past  few  years  when  the 
margin  has  narrowed  until  the  two  figures 
were  nearly  equal  in  1967.  U.S.  egg  pro- 
duction per  layer  is  projected  to  continue 


increasing  but  at  a  decreasing  rate,  from 
225  annually  in  1961-65  to  235  in  1980 
and  250  in  2000.  Adopting  the  same  rates 
per  layer  for  California  leads  to  increases 
in  the  number  of  layers  for  egg  production 
from  29.9  million  annually  in  1961-65  to 
35.8  million  in  1980  and  49.3  million  in 
2000.  These  numbers,  together  with  per 
bird  and  total  feed  requirements,  appear 
in  the  first  row  of  each  section  of  table  12. 
Projections  of  per  bird  feed  requirements 
to  1980  and  2000  were  derived  from  the 
medium  increases  in  feed  efficiency  shown 
in  table  7. 

Broiler  Production 

U.S.  consumption  of  broiler  meat  is 
projected  to  increase  from  7.3  billion 
pounds  annually  in  1961-65  to  10.3  billion 
pounds  in  1980  and  13.3  billion  pounds 
in  2000,  according  to  a  study  by  the  Eco- 
nomic Research  Service,  USD  A  [1967]. 
California  broiler  production  has  in- 
creased from  around  150  to  250  million 
pounds  in  the  past  decade.  However,  U.S. 
production  has  increased  even  faster, 
causing  California's  share  to  drop  slightly 
below  3  per  cent.  Because  of  the  intense 
competition  from  low-cost  broilers  shipped 
in  from  the  southeast,  California's  share  of 
U.S.  production  is  projected  to  decline 
slightly  and  level  off  at  about  2.5  per  cent 
in  1980.  However,  large-scale  aggressive 
broiler  producers  in  California  should  be 
able  to  continue  to  compete  favorably 
with  inshipments. 

Given  the  U.S.  projection,  California's 
share  at  2.5  per  cent  and  an  average  mar- 
ket live  weight  of  3.8  pounds  per  bird, 
the  numbers  of  California  broilers  are 
projected  to  increase  from  60.1  million 
annually  in  1961-65  to  67.5  million  in 
1980  and  87.5  million  in  2000.  Table  12 
shows  these  numbers,  together  with  broiler 
breeding  flock  numbers.  Feed  require- 
ments per  bird  in  1961-65  are  from  Snider 
and  King  [1970],  with  projections  to  1980 
and  2000  based  on  the  medium  feed  effi- 
ciency projections  given  in  table  7. 

Turkey  Production 

U.S.  consumption  of  turkey  meat  is 
projected  to  increase  tremendously  from 
1.8  billion  pounds  (live-weight  basis)  an- 
nually in  1961-65  to  3.4  billion  pounds  in 
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1980  and  4.4  billion  pounds  in  2000  (table 
2).  Substantial  increases  in  consumption 
have  already  been  observed  through  1968. 
California  is  presently  the  leading  state 
in  turkey  production,  supplying  18  per 
cent  of  the  U.S.  total  production  annually 
in  the  1961-65  period.  However,  this  per- 
centage has  been  declining  slightly  in  the 
past  few  years.  A  study  by  Bawden,  Car- 
ter, and  Dean  [1966]  suggests  that,  be- 
cause of  high-priced  feed  grains  and 
higher  labor  costs,  California  is  at  a  dis- 
advantage with  the  midwest  and  south 
unless  it  can  achieve  offsetting  efficiencies 
in  production,  processing,  and  transporta- 


tion. So  far,  such  efforts  appear  to  have 
been  successful.  However,  because  of  the 
competitive  situation,  California's  share  is 
projected  to  decline  slightly  to  about  15 
per  cent  by  1980  and  remain  at  that  level. 
Using  the  above  assumptions  and  an  av- 
erage live-weight  projection  of  19.5 
pounds  per  bird,  it  is  projected  that  Cali- 
fornia turkey  numbers  would  increase 
from  16.4  million  birds  annually  in  1961- 
65  to  26.3  million  in  1980  and  34.2  million 
in  2000  (table  12).  Feed  requirements  per 
bird  are  projected  to  1980  and  2000  based 
on  the  medium  feed  efficiency  projections 
given  earlier  in  table  7. 


PROJECTED  FEED-LIVESTOCK  BALANCES 
IN  CALIFORNIA 


The  foregoing  projections  for  crop  and 
livestock  production  permit  a  comparison 
of  expected  future  supplies  of  feed  grains, 
hay,  and  other  feeds  in  California  with 
expected  livestock  feed  requirements. 
Table  13  is  a  feed  supply  and  distribution 
table,  employing  data  primarily  from 
Snider  and  King  [1970]  for  the  1961-65 
base  period,  and  providing  a  summary  of 
projections  to  1980  and  2000  from  data 
developed  primarily  in  the  preceding 
tables. 

Feed  grain  imports  into  California  in 
1961-65  averaged  about  2.1  million  tons 
(table  13).  With  feed  grain  production 
averaging  only  about  2.6  million  tons 
annually  over  this  period,  imports  were 
thus  around  80  per  cent  of  state  produc- 
tion. Table  13  shows  that  even  if  Cali- 
fornia increases  feed  grain  production  to 
3.3  million  tons  in  1980  as  projected 
earlier,  imports  of  feed  grains  would  need 
to  remain  at  current  levels  to  meet  de- 
mands from  livestock  and  other  sources. 
Imports  would  increase  to  2.3  million  tons 
by  2000  under  the  projected  conditions. 

The  beef  feeding  industry  in  the  state  is 
probably  the  key  to  future  feed  grain 
import  levels.  The  projections  for  dairy 
and  egg  production  are  tied  closely  to 
California  population  and  income  growth, 
and   these   industries   should   be   able    to 


compete  effectively  at  high  feed  grain 
prices.  The  other  livestock  and  poultry 
categories  appear  unlikely  to  grow  signifi- 
cantly and  with  the  exception  of  turkeys, 
are  minor  users  of  the  aggregate  supply  of 
feed  grains  in  the  state.  However,  the 
projections  for  beef  cattle  feeding  in  Cali- 
fornia are  extremely  uncertain.  The  fu- 
ture would  appear  to  hinge  on  the  rate  of 
development  of  large,  efficient  cattle  feed- 
ing operations  in  the  Great  Plains  and 
other  areas,  and  on  relative  freight  rates 
for  feed  grains,  live  animals,  and  dressed 
meat  to  California.  To  illustrate  the  im- 
pact which  cattle  feeding  would  have  on 
the  demand  for  feed  grains  in  California, 
consider  two  widely  divergent  cases:  (1) 
Suppose  California  continues  to  feed  out 
about  50  per  cent  of  the  cattle  required  to 
meet  future  state  demand.  This  would 
require  an  additional  0.6  million  tons  of 
feed  grains  by  1980,  and  1.4  million  tons 
by  2000  beyond  the  supplies  shown  in 
table  13.  The  increased  demand  would  be 
met  by  some  combination  of  state  produc- 
tion and  inshipments,  probably  largely 
the  latter  because  prices  of  feed  grains  in 
California  would  not  be  affected  by  a 
larger  deficit.  (2)  Suppose  competition 
from  other  regions  forces  the  California 
feedlot  industry  to  stabilize  at  2.0  million 
head  (approximately  the  1961-65  average). 
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Table  13 
CALIFORNIA  FEED  SUPPLY  AND  DISTRIBUTION 
WITH  SELECTED  PROJECTIONS  TO  1980 


1961-65  AVERAGE, 
AND  2000 


Item 


Feed 
grains 


High 

protein 

by-products 


Other 
by-products 


Total 
concen- 
trates 


Hay 


Silage  t 


1961-1965 

Beginning  stocks 

Production 

Imports  and  inshipments . 

Total  supply 

Livestock  feed : 

Dairy  cattle 

Beef  cattle 

Sheep  and  lambs 

Hogs 

Poultry 

Other  (residual) 

Total 

Ending  stocks 

Exports  and  outshipments 

Seed 

Food  and  industry 

Total  distribution 

Projected  1980* 

Production 

Imports  and  inshipments. 

Total  supply 

Livestock  feed : 

Dairy  cattle 

Beef  cattle 

Sheep  and  lambs 

Hogs 

Poultry 

Other  (residual) 

Total 

Exports  and  outshipments .  . 

Seed 

Food  and  industry 

Total  distribution 

Projected  2000* 

Production 

Imports  and  inshipments. 

Total  supply 


587.0 
573.4 
111.4 


,271.8 


615.8 

,520.0 

0.6 

109.3 
,843.6 

168.8 


258.1 

449.6 

313.0 

91.7 

159.4 


6,271.8 


323.0 
005.1 


5,328.1 


677.4 

,761.0 

0.5 

80.7 

,075.6 


4,764.0 

313.0 
91.7 
159.4 


5,328.1 


113.0 
345.8 


6,458.8 


40.3 
623.2 
211.1 


874. 


185.3 
144.7 

14.2 

527.8 

2.6 


874. 


874. 


203.9 
162.7 


10.5 
602.3 

2.6 


982.0 


1,193.2 


1,232.4 
485.1 


1,717.5 


683.2 

767.1 

0.5 

3.9 

257.5 

2.8 


1,715.0 


2.5 


1,717.5 


t 
t 

1,943.8 


751.7 

891.8 

0.5 

2.9 

291.9 

2.8 


1,941.6 
2.5 


1,944.1 


2,435.7 


1,627.3 
4,429.0 

2,807.7 


8,864.0 


1,484.3 

2,431.8 

1.2 

127.4 
2,629.0 

174.1 

6,847.8 

1,449.6 

315.5 

91.7 

159.4 

8,864.0 


t 
t 

8,843.9 


1,633.0 

2,815.5 

1.0 

94.0 

2,969.8 

174.3 

7,687.6 

315.5 
91.7 
159.4 

8,254.2 


t 

t 

10,087.7 


7,410. 
166. 


7,577.5 


5,363.0 

1,866.8 

16.4 

3.7 


100. 


7,350.7 


226. 


7,577.5 

8,224.0 
166.9 

8,390.9 

5,898.9 

2,054.8 

14.5 

2.7 

193.2 

8,164.1 

226.8 

8,390.9 


10,143.0 
166.9 


10,309. 


1,557 


1,557 


1,557 


1,557 


1,713 


1,713 


1,713 


1,713 


1,713 


2,144 


2,144 


(Continued  on  next  page) 


Table  13 — Continued 

CALIFORNIA  FEED  SUPPLY  AND  DISTRIBUTION,  1961-65  AVERAGE, 

WITH  SELECTED  PROJECTIONS  TO  1980  AND  2000 


Item 


Feed 
grains 


High 

protein 

by-products 


Other 
by-products 


Total 
concen- 
trates 


Hay 


Silaget 


Pasture 


1,000  tons 


Livestock  feed : 

Dairy  cattle 

Beef  cattle 

Sheep  and  lambs 

Hogs 

Poultry 

Other  (residual) 

Total 

Exports  and  outshipments 

Seed 

Food  and  industry 

Total  distribution 


848.2 

2,254.0 

0.5 

76.2 

2,468.7 

247.1 

5,894.7 

313.0 
91.7 
159.4 

6,458.8 


255.3 

941.1 

2,044.6 

7,387.7 

208.1 

1,141.4 

3,603.5 

2,629.1 

0.5 

1.0 

14.5 

9.9 

2.7 

88.9 

2.5 

719.9 

347.5 

3,536.1 

247.1 

49.3 

1,193.2 

2,433.2 

9,521.1 

10,083.1 

2.5 

315.5 
91.7 
159.4 

226.8 

1,193.2 

2,435.7 

10,087.7 

10,309.9 

2,144 


2,144 


2,144 


1,000 
AUM's 


9,591 
23,832 
4,336 


37,759 


37,759 


*  Beginning  and  ending  stocks  are  assumed  to  balance.  Exports,  seed,  food  and  industry  uses  are  held  at  1961-65  average  levels, 
t  Not  projected  individually. 

t  Entire  state  production  of  silage  assumed  fed  to  dairy  cattle.  Projections  to  1980  and  2000  increase  in  same  ratio  as  other  feed 
inputs  for  dairy  cattle. 

Sources:  Snider  and  King  [1970],  data  from  preceding  Tables  3  and  6-11,  and  projections  by  authors. 


In  this  case,  the  state  demand  for  feed 
grains  in  1980  could  be  met  with  a  de- 
crease of  about  0.5  million  tons  in  feed 
grain  inshipments  compared  with  the 
1961-65  situation  shown  in  table  13,  or, 
alternatively,  a  lower  projected  increase 
in  California  feed  grain  production. 

Table  13  also  gives  the  aggregate  de- 
mand and  supply  for  by-product  feeds 
which  along  with  feed  grains  comprise  the 
concentrate  portion  of  livestock  and  poul- 
try rations.  No  attempt  is  made  to  break 
down  the  sources  of  supply  of  by-product 
feeds  since  they  are  many,  varied,  and 
constantly  changing. 

Hay,  silage,  and  pasture  supplies  in  the 
state  are  projected  to  approximately  equal 
state  demand,  as  interstate  movements  are 
likely  to  be  small  or  nonexistent.  Minor 


supplies  of  hay  are  shipped  interstate  but 
for  California  these  nearly  cancel  out.  The 
state  production  of  hay  is  projected  to 
continue  to  be  nearly  85  per  cent  alfalfa. 
For  simplification,  the  entire  state  produc- 
tion of  silage  is  assumed  to  be  fed  to  dairy 
cattle  even  though  minor  amounts  are 
actually  fed  to  beef  cattle.  Pasture  require- 
ments increase  by  only  about  10  per  cent  to 
1980;  this  increase  should  be  met  through 
continued  pasture  and  range  improvement 
practices  such  as  brush  clearance,  fertiliza- 
tion, and  higher  yielding  varieties  of 
grasses  and  clovers.  The  38-per  cent  in- 
crease in  range  requirements  by  2000 
would  likely  require  some  increase  in 
acreage  unless  the  rate  of  range  improve- 
ment accelerates. 


PROJECTED  LAND  USE  AND  WATER 
RESOURCE  USE  IN  CALIFORNIA 


Land  and  water  resources — primarily  irri- 
gated crop  land — constitute  the  major 
physical  limitations  to  future  agricultural 


production  in  California.  The  purpose  of 
this  section,  therefore,  is  to  focus  on  the 
question:  Is  the  planned  rate  of  irrigation 
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development  in  California  sufficiently 
rapid,  given  the  projected  losses  of  agri- 
cultural land  to  urbanization,  to  provide 
levels  of  irrigated  acreage  "required"  to 
meet  California's  share  of  projected  future 
demands  for  food  and  fiber?  (Levels  of 
demand  and  acreages  required  are  based 
on  the  assumption  of  price  levels  remain- 
ing constant  at  recent  average  levels.)  The 
discussion  is  divided  into  three  major  sub- 
sections. First,  the  harvested  crop  acre- 
ages projected  earlier  in  this  report  are 
used  to  determine  the  increase  in  net 
irrigated  crop  acreage  in  the  state  which 
would  be  required  to  meet  demand.  Sec- 
ond, the  planned  increase  in  irrigated 
acreage  according  to  the  California  Water 
Plan  is  presented.  Considerable  discussion 
in  this  section  is  also  devoted  to  the  closely 
related  question  of  urbanization  of  agri- 
cultural land.  Third,  the  irrigated  acre- 
ages required  to  meet  demand  are  com- 
pared with  the  acreages  to  be  supplied  by 
the  California  Water  Plan.  This  compari- 
son provides  a  tentative  answer  to  the 
question  posed  at  the  beginning  of  this 
paragraph. 

Irrigated  Acreage  Requirements 

Figure  1  provides  a  convenient  over-all 
summary  of  harvested  crop  acreages  of 
field  crops,  permanent  crops,  and  vege- 
tables in  California  from  1950  to  1968, 
together  with  projections  (see  table  6)  to 
1980  and  2000.  The  total  harvested  acre- 
age of  these  crops  shows  no  discernible 
trend  over  the  1950-68  period,  but  reveals 
considerable  year-to-year  variation.  A 
quick  review  of  this  period  suggests  some 
of  the  difficulties  and  uncertainties  in 
projecting  field  crop  acreages.  The  in- 
crease in  field  crops  to  nearly  7.0  million 
acres  in  the  early  1950's  is  explained  pri- 
marily as  a  buildup  in  cotton  acreage  in 
anticipation  of  impending  allotments; 
cotton  acreage  increased  from  581,000 
acres  in  1950  to  1,340,000  acres  in  1953. 
With  the  imposition  of  cotton  allotments 
in  1954,  roughly  0.5  million  acres  were 
shifted  from  cotton  to  feed  grains — mainly 
to  barley.  Feed  grain  acreage  remained 
high,  reaching  a  peak  of  over  2.5  million 
acres  in  1957.  Since  that  time,  feed  grain 
acreage  has  dropped  by  about  0.5  million 
acres.  This  decline,  along  with  the  long- 


term  downtrend  in  wheat  acreage  in  the 
state,  explains  most  of  the  decline  in  total 
field  crop  acreage  from  the  mid-1950's  to 
the  mid-1960's. 

Just  as  in  the  past,  future  field  crop 
acreages  in  California  will  be  influenced 
strongly  by  various  federal  farm  programs. 
Because  of  the  uncertainties  of  future 
farm  programs,  the  projections  shown  in 
figure  1  have  been  based  on  the  assump- 
tion of  no  drastic  changes  in  government 
programs.  This  assumption,  of  course, 
could  be  in  considerable  error  as  is 
pointed  out  later. 

The  projected  future  general  upward 
trend  in  harvested  acreages  of  fruits,  nuts, 
grapes,  and  vegetables  shown  in  figure  1 
is  borne  out  by  actual  trends  in  the  past 
decade.  The  reasons  for  these  past  trends 
— strong  increase  in  U.S.  demand,  strong 
competitive  position  of  California  be- 
cause of  climate  and  established  growers, 
processors,  and  distributors — are  expected 
to  continue  in  the  future. 

While  the  level  of  aggregate  harvested 
crop  acreage  has  changed  little  in  the 
state  over  the  1950-68  period,  the  per- 
centage of  harvested  crops  grown  on  irri- 
gated land  has  increased  considerably,  and 
is  expected  to  increase.  Table  14  shows  by 
crop  and  crop  category  the  estimated 
proportions  of  harvested  acreage  which 
are  grown  on  irrigated  land.  For  such 
crops  as  sugar  beets,  rice,  cotton,  potatoes, 
vegetables,  and  irrigated  pasture  essen- 
tially the  entire  acreage  is  irrigated. 
Through  time,  higher  percentages  of  the 
other  crops,  primarily  wheat,  feed  grains, 
hay,  trees,  and  vines  have  also  been 
irrigated.  These  trends  are  expected  to 
continue. 

Table  15  shows  the  translation  of  total 
acreage  harvested  in  the  state  into  total 
net  irrigated  acreage  (irrigated  acreage 
planted).  The  left-hand  portion  of  the 
table  shows  harvested  acreages  for  field 
crops,  vegetables,  tree  fruits,  and  nuts  and 
grapes.  In  addition,  estimates  are  pro- 
vided of  irrigated  pasture  and  double 
cropping.  The  figures  at  the  bottom  of 
this  portion  of  the  table,  therefore,  repre- 
sent total  acreage  harvested  in  the  state. 
The  center  portion  of  table  15  shows  the 
results  of  converting  total  acreage  har- 
vested to  irrigated  acreage  harvested,  us- 


[35] 


o 

a 

■B 

oo 

2 


a 
o 

o 
'E 

| 

o 
u 


saaDv  Nomiw 


[36] 


Table  14 

ESTIMATED  AND  PROJECTED  RATIOS  OF  IRRIGATED  ACREAGE 

HARVESTED  TO  TOTAL  HARVESTED  ACREAGE,  AND  RATIOS  OF 

IRRIGATED  ACREAGE  HARVESTED  TO  IRRIGATED  ACREAGE 

PLANTED  IN  CALIFORNIA 


Crop 


Ratios  of  harvested  irrigated  acres 

to  total  harvested 

acres 

1950 

1960f 

1961-65 

1965t 

1968 

1980 

2000 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

0.19 

0.22 

0.28 

0.30 

0.31 

0.36 

0.40 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

0.75 

0.89 

0.90 

0.91 

0.91 

0.93 

0.95 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

0.58 

0.58 

0.58 

0.58 

0.58 

0.60 

0.60 

0.81 

0.98 

0.98 

0.99 

0.99 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

0.81 

0.95 

0.95 

0.95 

0.95 

0.96 

0.97 

0.11 

0.15 

0.18 

0.20 

0.23 

0.38 

0.38 

0.33 

0.50 

0.53 

0.55 

0.55 

0.55 

0.55 

0.58 

0.94 

0.95 

0.96 

0.96 

0.97 

0.98 

0.92 

0.94 

0.95 

0.96 

0.96 

0.97 

0.98 

0.26 

0.46 

0.50 

0.54 

0.57 

0.68 

0.75 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

0.57 

0.73 

0.75 

0.77 

0.78 

0.82 

0.83 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

0.79 

0.90 

0.91 

0.92 

0.92 

0.96 

0.97 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

Ratios  of 
irrigated  acreage 

harvested  to 
irrigated  acreage 

planted § 


Field  crops: 

Sugar  beets 

Wheat* 

Rice 

Dry  beans 

Potatoes 

Safflower 

Alfalfa  seed 

Cotton 

Corn 

Oats* 

Barley* 

Grain  sorghum 

Alfalfa  hay 

Other  hay 

Miscellaneous  field  crops. . 

Total 

Vegetables 

Tree  fruits,  nuts,  and  grapes 

Irrigated  pasture 

Double-cropped  acres 


0.96 
0.90 
0.97 
0.94 
0.94 
0.94 
0.94 
0.98 
0.90 
0.90 
0.90 
0.90 
0.95 
0.90 
0.94 


0.94 
0.98 
0.98 
1.00 


*  Projections  of  percentages  to  1980  and  2000,  a  result  of  1980  and  2000  projections  of  actual  acreages. 

t  From  U.S.  Census  of  Agriculture  [1959]. 

t  From  U.S.  Census  of  Agriculture  [1964]. 

§  From  California  Department  of  Water  Resources  [1969,  p.  57]. 


ing  ratios  presented  in  table  14.  The  right- 
hand  portion  of  table  15  shows  the 
conversion  of  irrigated  acreage  harvested 
to  irrigated  acreage  planted,  using  ratios 
presented  in  the  last  column  of  table  14. 
Planted  acreage  exceeds  harvested  acre- 
age due  to  crop  failure,  green  manure 
crops,  market  conditions,  overplanting  of 
allotment  acreages,  reclamation  of  salt- 
affected  lands,  freezing,  labor  problems, 
and  related  causes. 

The  total  irrigated  acreage  planted 
shown  in  table  15  increased  from  about 
6.4  million  acres  in  1950  to  8.1  million 
acres  in  1960.  Rather  surprisingly,  how- 
ever, table  15  shows  that  the  irrigated 
acreage  declined  slightly  between  1960  and 
1965.  This  apparent  decline  is  probably 
due  to  statistical  deficiencies  rather  than 
an  actual  decrease  in  irrigated  acreage. 
Several  factors  could  help  explain  the 
statistical  decline.  First,  irrigated  pasture 


declined  by  about  160,000  acres  in  that 
period.  These  figures  are  census  data  for 
1959  and  1964  and  may  be  inaccurate,  as 
well  as  not  applying  exactly  to  the  de- 
sired years  1960  and  1965.  Second,  the 
total  harvested  acreage  of  field  crops  drops 
by  about  320,000  acres  over  the  1960-65 
period,  even  though  irrigated  acreage 
planted  increases  by  about  50,000  acres. 
Third,  the  vegetable  acreage  in  the  par- 
ticular year  1965  was  the  lowest  in  the 
previous  decade,  and  also  lower  than  in 
the  years  since  1965.  Fourth,  the  conver- 
sion factors  in  table  14  undoubtedly  fluc- 
tuate from  year  to  year  even  though  their 
trends  are  discernible  and  fairly  predic- 
table over  time.  Table  15  shows  that  irri- 
gated acreage  planted  in  1968  increased 
to  8,351,000  acres.  Thus,  the  general  pat- 
tern of  increase  from  1950-68  is  quite 
reasonable,  and  the  data  for  the  particular 
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Table  1& 
SUMMARY  OF  BASE  YEAR  AND  PROJECTED  TOTAL  ACREAGE 

AND  TOTAL  IRRIGATED  ACREAGE 


Crop 


Total  acreape  harvested 


1950 


1961-65 
average 


1965 


1968 


2000 


Field  crops: 

Sugar  beets 

Wheat 

Rice 

Dry  beans 

Potatoes 

Safflower 

Alfalfa  seed 

Cotton 

Corn 

Oats 

Barley 

Grain  sorghum 

Alfalfa  hay 

Other  hay 

Miscellaneous  field  crops.  . 

Total 

Vegetables 

Tree  fruits,  nuts,  and  grapes 

Irrigated  pasture* 

Double-cropped  acresf 

Total 


209 
651 
238 
311 
121 
10 
115 
581 
42 
196 

1,765 
114 

1,058 
855 
154 

6,420 


1,536 

978 

-    330 

9,208 


207 

286 

310 

254 

325 

347 

301 

278 

379 

234 

288 

318 

327 

432 

288 

221 

217 

206 

214 

215 

103 

101 

107 

92 

94 

167 

261 

284 

165 

364 

141 

114 

110 

98 

160 

946 

765 

725 

687 

838 

130 

103 

144 

185 

193 

155 

123 

109 

85 

65 

1,586 

1,447 

1,402 

1,406 

1,266 

233 

250 

316 

360 

374 

1,192 

1,161 

1,176 

1,152 

1,151 

741 

683 

679 

712 

616 

158 

150 

123 

130 

150 

6,615 

6,282 

6,296 

6,351 

6,332 

721 

693 

649 

825 

833 

1,464 

1,485 

1,529 

1,617 

1,817 

1,179 

1,100 

1,023 

1,025 

1,025 

-  330 

-  330 

-  330 

-  355 

-  462 

9,649 

9,230 

9,167 

9,463 

9,545 

442 

208 

256" 

247 

102— 

348 

22?  *_ 

847 

186 

66 

1,380 

393" 
1,281 

647* 

150 


6,780 

958* 

1,995 

1,02$ 

-     504 

10,254 


*  From  U.S.  Census  of  Agriculture  [1959,  1964]. 
t  From  California  Department  of  Water  Resources  [1969,  p.  58].  Mini 
acreages  to  get  net  acreage  of  land  required. 
Source:  Tables  3,  4,  5,  14. 


signs  mean  that  double-cropped  acreage  is  subtracted  from  other 


year  1965  probably  underestimate  the 
actual  irrigated  acreage  in  that  year. 

Table  15  shows  that  irrigated  acreage 
planted  is  projected  to  reach  8,755,000 
acres  in  1980  and  9,548,000  acres  in  2000. 
Compared  with  1968,  these  represent  in- 
creases in  irrigated  land  required  to  meet 
demand  of  about  0.4  million  acres  to  1980 
and  about  1.2  million  acres  to  2000.  We 
turn  now  to  increases  in  irrigated  acreages 
projected  to  be  developed  by  the  Cali- 
fornia Water  Plan. 

Planned  Irrigation  Development 

There  are  several  available  sources  of 
data  on  current  and  past  land  use  in 
California.  However,  as  these  data  are 
frequently  collected  on  different  bases,  in 


different  time  periods,  and  for  different 
purposes,  there  are  a  number  of  apparent 
inconsistencies  which  must  be  reconciled. 
Given  these  difficulties,  the  authors  have 
attempted  to  compile  the  available  in- 
formation into  an  internally  consistent 
overall  picture  of  total  land  use  in  the 
state.  Various  agencies  have  also  made 
projections  of  particular  land  uses  to  vari- 
ous dates. 

For  our  purposes,  the  most  critical  land 
use  categories  are  urban  use  and  irrigated 
crop  land.  Consistent  with  the  purpose  of 
this  section,  we  will  use  estimates  and 
projections  of  urban  use  and  irrigated  crop 
land  provided  by  the  California  Depart- 
ment of  Water  Resources  (DWR)  in  their 
bulletin  entitled  "Implementation  of  the 
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\RVESTED,  TOTAL  IRRIGATED  ACREAGE  HARVESTED, 
LANTED  IN  CALIFORNIA 


Total  irrigated  acreage  harvested 


Total  irrigated  acreage  planted 


}50 


1960 


1961-65 
average 


1965 


2000 


1950 


1960 


1961-65 
average 


1965 


1980 


2000 


124 

238 

233 

121 

6 

93 
581 

34 

22 
582 

66 
973 
222 
154 


3,658 


1,213 
978 

330 

6,123 


207 

286 

310 

254 

325 

442 

218 

216 

298 

323 

264 

338 

76 

84 

83 

117 

84 

83 

138 

84 

93 

92 

130 

93 

288 

318 

327 

432 

288 

256 

245 

297 

328 

337 

445 

297 

197 

195 

187 

195 

200 

235 

248 

210 

207 

199 

207 

213 

103 

101 

107 

92 

94 

102 

129 

110 

107 

114 

98 

100 

97 

151 

165 

96 

218 

209 

6 

103 

161 

176 

102 

232 

138 

112 

109 

97 

160 

226 

99 

147 

119 

116 

103 

170 

946 

765 

725 

687 

838 

847 

593 

965 

781 

740 

701 

855 

124 

98 

137 

176 

185 

180 

38 

138 

109 

152 

196 

206 

23 

22 

22 

20 

25 

25 

24 

26 

24 

24 

22 

28 

793 

767 

771 

773 

696 

759 

647 

881 

852 

857 

859 

773 

219 

238 

303 

346 

363 

385 

73 

243 

264 

337 

384 

403 

1,120 

1,103 

1,129 

1,106 

1,116 

1,255 

1,024 

1,179 

1,161 

1,188 

1,164 

1,175 

341 

342 

367 

406 

419 

485 

247 

379 

380 

408 

451 

466 

158 

150 

123 

130 

150 

150 

164 

168 
5,146 

160 

131 

138 
5,264 

160 

4,830 

4,732 

4,865 

4,927 

5,161 

5,639 

3,893 

5,044 

5,194 

5,509 

721 

693 

649 

825 

833 

958 

643 

767 

737 

690 

878 

886 

1,318 

1,351 

1,407 

1,488 

1,744 

1,935 

1,238 

1,345 

1,379 

1,436 

1,518 

1,783 

1,179 

1,100 

1,023 

1,025 

1,025 

1,025 

998 

1,203 

1,122 

1,044 

1,046 

1,046 

-  330 

-  330 

-  330 

-  355 

-  462 

-  504 

-  330 

-  330 

-  330 

-  330 

-  355 
8.351 

-  462 

7,718 

7,546 

7,614 

7,910 

8,301 

9,053 

6,442 

8,131 

7,952 

8,034 

8,759 

460 
92 
264 
250 
108 
222 
240 
864 
200 
28 
843 
428 
1,321 
539 
160 


6,019 

1,019 
1,974 
1,046 
■  504 


9,554 


California  Water  Plan"  [1966].  The  top 
two  land  use  categories  of  table  16  show 
the  DWR  estimates  of  urban  and  irrigated 
land  use  for  1960,  together  with  their 
projections  to  1980  and  2000  for  the 
eleven  hydrologic  study  areas  of  California 
(fig.  2).  As  will  be  discussed  in  more  detail 
below,  subsequent  studies  suggest  that  the 
DWR  urban  land  use  projections  are  quite 
reasonable.  The  projections  of  irrigated 
acreage,  while  undergoing  periodic  re- 
view and  revision,  have  not  been  officially 
revised  and  are  still  considered  quite  rea- 
sonable by  agency  personnel  contacted. 


The  discussion  to  follow  concentrates 
primarily  on  urban  and  irrigated  land 
uses,  but  the  authors  have  attempted 
(table  16)  to  provide  estimates  and  pro- 
jections of  the  remaining  land  uses  in 
California  which  would  be  consistent 
with  the  DWR  data  on  the  first  two  use 
categories.  As  a  basis  for  the  projections 
of  the  remaining  land  uses,  the  authors 
have  relied  primarily  on  a  study  by  the 
California  Conservation  Needs  Committee 
of  the  Soil  Conservation  Service  [1961] 
which  shows  land  use  by  county  in  1958 
with  projections  to  1975.4  The  categories 


4  Because  hydrologic  study  areas  of  table  16  do  not  always  conform  to  county  lines,  the  SCS 
county  data  were  subdivided  where  necessary  into  two  or  more  hydrologic  regions  using  (1)  a 
study  by  the  California  State-Federal  Interagency  Group  [1966],  which  gives  acreages  of  each 
of  the  58  counties  in  the  1 1  hydrologic  regions,  and  (2)  maps  of  the  hydrologic  regions  from  the 
California  Department  of  Water  Resources  [1966]  showing  the  location  of  irrigated,  irrigable, 
and  urban  uses  in  each  county  and  hydrologic  region. 
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HYDROLOGIC    STUDY  AREAS 
OF   CALIFORNIA 


OREGON 


NC    —  NORTH    COASTAL 

SF    -  SAN   FRANCISCO    BAY 

CC    -  CENTRAL  COASTAL 

SC     -  SOUTH    COASTAL 

SB     -  SACRAMENTO    BASIN 

DC    -  DELTA  -  CENTRAL    SIERRA 

SJ     -  SAN    JOAQUIN    BASIN 

TB    -  TULARE    BASIN 

NL    -  NORTH    LAHONTAN 

SL     -  SOUTH    LAHONTAN 

CD     -  COLORADO    DESERT 


DEPARTMENT  OF  WATER    RESOURCES    1965 


Fig.  2.  Hydrologic  study  areas.  (Source:  California  Department  of  Water  Resources.) 
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of  agriculturally  related  land  uses  (non- 
irrigated  crop  land,  pasture  and  range, 
and  forest  and  woodland)  in  table  16  were 
projected  to  1980  and  2000  by  the  authors 
based  on  the  rates  of  change  projected 
between  1958  and  1975  by  the  SCS  Needs 
study  [1961.]3  The  final  category  of  "other 
uses"  in  table  16  is  a  residual  figure  made 
up  principally  of  federal  land  but  includ- 
ing water  areas,  farmsteads,  idle  land,  and 
wildlife  areas. 

Substantial  increases  in  urban  acreage 
and  irrigated  crop  land  in  table  16  imply, 
of  course,  corresponding  decreases  else- 
where. Although  quantification  of  the  pre- 
cise shifts  between  all  pairs  of  categories 
is  not  possible,  the  major  shifts  are  as 
follows:  (1)  from  crop  land,  pasture,  and 
range  to  urban  uses;  (2)  from  nonirrigated 
to  irrigated  crop  land;  (3)  from  pasture 
and  range  to  crop  land;  and  (4)  from 
forest  and  woodland  to  pasture  and  range. 
The  SCS  Needs  study  [1961]  summarizes 
expected  shifts  from  1958  to  1975  among 
categories.  An  updating  SCS  Needs  study 
now  being  done,  together  with  the  earlier 
study,  should  give  a  good  picture  of  the 
actual  shifts  between  1958  and  1967.  Table 
16  shows  that  these  shifts  are  projected  to 
take  place  with  little  change  in  the  "other 
use"  category.  The  following  two  subsec- 
tions examine  in  more  detail  the  expected 
shifts  of  land  to  urban  use  and  the 
planned  increases  in  irrigated  acreage  un- 
der the  California  Water  Plan. 

Urban  land  use  projections 

Several  studies  related  to  the  rate  of 
urbanization  of  land  in  California  are 
available.  They  differ  in  definitions  used, 
methods  of  measurement,  and  methods  of 
projections.  A  recent  study  by  Shumway 


[1970]  estimates  2,031,000  acres  in  urban 
use  in  California  in  1964  with  a  projection 
of  2,971,000  acres  in  1980.  The  Shumway 
study  is  based  on  an  extension  to  the 
entire  state  of  a  study  of  25  urban  coun- 
ties by  Ruth  and  Krushkhov  [1966].  The 
California  DWR  estimates  2,068,000  acres 
of  urban  land  in  1960,  with  a  projection 
of  3,568,000  (see  table  16).  Thus,  although 
the  base  figures  in  the  two  studies  are 
similar  the  rate  of  urbanization  projected 
by  DWR  is  higher.  The  rate  of  urbaniza- 
tion implied  by  Shumway's  projections  is 
about  60,000  acres  per  year  compared  to 
about  75,000  acres  per  year  for  DWR. 

A  recent  study  by  the  Economic  Re- 
search Service  of  the  U.S.  Department  of 
Agriculture  [1970]  provides  another  check 
on  these  estimates.  Based  on  air  photos  of 
California  and  other  states  over  approxi- 
mately 10-year  intervals  ending  in  1959- 
1965,  the  USDA  study  estimates  an  av- 
erage relationship  of  0.07  acres  per  capita 
as  a  general  guide  for  urban  land  use 
planning  in  large  heterogeneous  areas. 
Based  on  a  California  population  increase 
of  537,000  people  per  year  between  1965 
and  1980  [California  Department  of  Fi- 
nance, 1968],  the  urban  land  requirement 
(at  0.07  acres  per  capita)  would  be  only 
about  40,000  acres  per  year.  The  USDA 
study  showed  that  an  average  of  0.13  acres 
of  land  was  urbanized  per  capita  in  coun- 
ties falling  outside  the  more  heavily 
urbanized  counties.  Even  if  this  higher 
rate  is  applied  to  all  of  California,  it 
would  give  an  annual  land  urbanization 
rate  in  California  of  only  about  70,000 
acres  per  year.  Further,  the  USDA  study 
[1970,  p.  7]  states,  however:  "As  an  area 
becomes  more  populous  and  takes  on 
metropolitan  characteristics,  land  is  used 

5  More  specifically,  if  a  particular  acreage  category  was  projected  to  decline  over  time,  the 
acreage  (A)  in  any  year  (t)  is  related  to  the  previous  year  by  the  formula, 


At 


At. 


1  +  r  ' 

where  r  is  the  rate  of  change.  To  find  the  annual  rate  of  change,  the  following  equation  was 
solved  for  r,  based  on  SCS  acreage  (A)  in  1958  and  1975. 


1975 


(1  +  r)17  ' 

This  rate  was  then  applied  to  each  of  the  relevant  categories  to  obtain  estimates  for  1980  and 
2000.  This  formulation  projects  a  declining  annual  change  over  time.  However,  an  alternative 
set  of  estimates  based  on  constant  annual  changes  over  time  showed  only  moderately  greater 
changes  to  the  year  2000. 
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more  intensively  and  less  additional  sur- 
face area  is  taken  for  work,  living,  and 
service  functions  for  each  new  person 
added  to  the  population."  This  statement 
would  appear  to  apply  well  to  future 
urban  development  in  California. 

Although  there  is  no  clear  choice  among 
the  alternative  urban  estimates  available, 
it  appears  that  the  California  DWR  pro- 
jections shown  in  table  16  are  reasonable. 
Compared  with  Shumway  [1970]  and  the 
ERS  USDA  study  [1970]  they  appear 
slightly  high.  It  should  be  pointed  out, 
however,  that  the  SCS  Needs  study  [1958] 
and  subsequent  studies  using  the  same 
methods  come  up  with  higher  acreages 
already  urbanized  (e.g.,  2,392,000  acres  in 
1958)  and  considerably  higher  annual 
rates  of  urbanization  (as  high  as  135,000 
to  150,000  acres  per  year).  While  the  SCS 
studies  are  very  useful  in  tracing  shifts  in 
land  use,  particularly  by  land  quality,  it 
appears  to  the  authors  that  the  definitions 
and  methods  used  considerably  overesti- 
mate urbanization  rates.  (The  updated 
SCS  Needs  study  soon  to  be  published 
will  perhaps  help  to  clarify  the  differences 
between  their  estimates  of  conversion  for 
nonagricultural  use  and  the  urban  esti- 
mates of  other  studies  and  to  provide  a 
better  idea  of  the  land  classes  and  uses 
from  which  urban  acreage  will  come.) 

The  preliminary  results  of  an  updated 
SCS  Needs  study,  however,  provide  some 
interesting  information  on  projected 
shifts  according  to  land  quality  between 
1967  and  1980.  Of  the  land  projected  to 
shift  to  urban  uses  in  California  over  the 
1967-80  period,  about  27  per  cent  is  prime 
agricultural  land  (defined  here  as  SCS 
land  capability  classes  I  and  II),  37  per 
cent  is  land  with  lower  agricultural  capa- 
bilities (SCS  classes  III  and  IV),  and  the 
remaining  36  per  cent  is  land  not  suited 
for  cultivation  (SCS  classes  V  through 
VIII).  The  major  projected  shifts  to  urban 
use  are  near  existing  urban  areas;  leading 
counties  are  Los  Angeles,  Sacramento,  San 
Diego,  and  Fresno.  The  Bay  Area  urban 
expansion  is  large,  but  spread  over  several 
surrounding  counties.  Other  counties  with 
large  projected  shifts  are  Shasta,  Orange, 
Kern,  Tuolumne,  and  San  Bernardino.  In 
Los  Angeles,  Fresno,  Kern,  and  Shasta 
counties   roughly   half   of    the    land    con- 


verted to  urban  uses  is  prime  agricultural 
land  (SCS  classes  I  and  II).  In  Sacramento, 
Orange,  San  Diego,  Tuolumne,  and  San 
Bernardino,  the  percentage  of  prime  land 
converted  to  urban  use  is  quite  small.  At 
least  a  partial  offset  against  these  losses  are 
newly  reclaimed  irrigated  lands  which, 
after  leaching  and  development,  should 
move  up  within  the  land  capability  classes. 

Features  of  the  California 
Water  Plan 

The  information  in  this  section  is  based 
on  a  study  by  the  California  Department 
of  Water  Resources  [1966].  Studies  lead- 
ing to  the  California  Water  Plan  demon- 
strated that  the  state  has  sufficient  water 
resources  within  its  boundaries  to  meet 
projected  urban  and  agricultural  water 
requirements  of  38  million  acre-feet  in  the 
year  2020.  The  major  objective  of  the 
California  Water  Plan  is  to  develop  water 
resources  in  areas  of  excess  supply — 
mainly  the  northern  part  of  the  state — 
and  export  water  to  the  deficit  areas  in 
the  southern  part  of  the  state. 

The  projected  net  water  requirements 
in  the  state  by  hydrologic  regions  are 
shown  in  figure  3  on  page  45  [California 
Department  of  Water  Resources,  1966]. 
Table  17  summarizes  water  requirements 
on  both  an  applied  and  net  basis  and  also 
shows  the  breakdown  between  agricul- 
tural and  urban  water  use.  Urban  use  is 
projected  to  expand  from  about  10  per 
cent  of  applied  water  requirements  in 
1960  to  around  20  per  cent  by  1980  and 
28  per  cent  by  2020.  The  projected  in- 
crease in  urban  water  use  is  greater  than 
that  for  agriculture,  even  measured  in 
absolute  terms — but  table  17  shows  clearly 
that  agriculture  will  remain  by  far  the 
state's  major  user  of  water. 

Figure  4  shows  the  general  sources  from 
which  total  water  requirements  are 
planned  to  be  met.  The  key  role  of  the 
Central  Valley  Project  and  the  State 
Water  Project  is  evident.  In  1960,  the 
Central  Valley  Project  provided  for  about 
23  per  cent  of  California's  total  net  water 
requirements;  by  1990  the  Central  Valley 
and  State  Water  projects  are  projected  to 
account  for  about  50  per  cent  of  the  total. 

Figure  5  illustrates  the  projected  timing 
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and  additional  water  yield  capability  of 
future  projects  within  the  Central  Valley 
Project-State  Water  Project  system.  The 
downward  sloping  lines  starting  in  1970 
show  the  combined  dependable  water  sup- 
ply capability  of  existing  and  authorized 
features  of  the  system.  The  upward  slop- 
ing line  starting  in  1970  depicts  the  com- 
bined projected  net  water  requirements 
to  be  met  by  these  projects  as  projected  by 
DWR.  (This  line  is  the  same  as  the  bottom 


line  in  preceding  figure  4.)  The  graph 
indicates  a  need  for  additional  water  con- 
servation facilities  in  the  late  1980's.  The 
most  likely  projects  are  planned  for  the 
North  Coast — the  upper  Eel  River,  the 
lower  Trinity  River,  and  the  Mad  and 
Van  Duzen  rivers.  However,  these  projects 
are  currently  under  considerable  debate, 
which  could  result  in  significant  altera- 
tions in  plans.  More  detailed  indications 
of  sources  of  water  supply  and  export  in 


[45] 


to 

z 
< 

a 

z 

_l 
< 

O 

UJ  U 

I  "J 

< 
u 

UI 

> 

t« 

ss 

Z 

UJ 

u  >- 

OjUJ 

>- 
CO 

u 

z 

UJ 

UJ 

uj  a: 
_i  Q- 

1- 

o 

> 

O  -I 

-"  a 

z 

< 

0£ 

a:  < 

■<  uj 

UJ 
Q_ 

_J 
< 

O 
Q 

a.  > 
_i  _i 

>  H 

o 

u 
o 

_l 

< 

<  < 

<  *= 

_l 

OS 

en  oc 

ce  u 

LU 

O 

ui  \- 

H  |- 

> 

Q 

-J 

Q  Z 

.?;  < 

UJ 

z 

O 

UJ  UI 

!".  •- 

< 

u.  u 

1 

^1 

\ 

1  \ 

VI 

\ 

- 

«/">! 

*""! 

"^1 

lUl 

-£\ 

itfl 

0£l 

^1 

ol 

_ 

vui 

otl 

o£ 

\- 

VU 

1 

U. 

v-1 

< 

<<tl 

0£ 

^1 

Q 

A 

0£ 
UI 

> 
O 

v\ 

I                 <* 

L                 UJ 

%          < 

m               3: 

Uj' 

^       o 

oil 

°"1 

1  l\       z 

\\\    o 

\\\  q: 

1 1  ll  1 1 1 1  ll  1 1 1 1 

j_U 

1 1  ll 

\i  h 

1  1  1  .  1  l\ 

ll  Y o 

Mi  l\\,\i  1. 

1    1    1    1 

a     ^ 
rsi     UJ 

>- 


a> 

E 
■•- 
»_ 
o 
a 

<D 

Q 
g 

*c 
o 

u 


k. 
TJ 

u 
SL 
o 

a 


133d-3d3V  NOmiW 


[46] 


"        -~        *>        t- 

Z_     «  -a  * 

o"s«S 

I-     °-  E   £ 

"5    S  °° 

ft  -°  "O 

if    o   £ 


0 

a 

4) 

a. 

3 

-o 

O 

>. 

>. 

k. 

^ 

*>  z 

O 

111 

0 

H 

>    o> 

i« 

«/> 

c 

V 

O) 

>- 

2  i 

f  3 

■; 

c 

%/) 

n 

U 
17* 

0     VI 

^ 

J) 
o 

< 

o  „.- 

c; 

t> 

00 

o    » 

c 

E 

u. 

■«     0 

0 

o 

o 

vo  £L 

o 

"** 

>■ 

o 

V 

jS; 

a 

_l 

.8  o 
>-* 

o 

3 

3 

LU 

-o 
t 

O 

-Q 

>- 

7,  £ 

c 

t<1 

C      D 

c 

15  <?> 

ft, 

V 

u 

3 

5 

© 
o 

o 

c 

c 
a 

E 

£ 
'5 
cr 

L. 

-D 

B 

u 
0) 

'o 

k- 

a 

ai 
E 
o 


J A         1 


_i_ 


0> 

a 
to 


[47] 


relation  to  water  requirements  are  avail- 
able from  a  publication  of  the  California 
Department  of  Water  Resources  [1966]. 
Consistent  with  this  picture  of  planned 
water  development  are  the  DWR  estimates 
of  irrigated  crop  land  shown  in  table  16. 
According  to  the  California  Water  Plan, 
irrigated  crop  land  acreage  is  projected  to 
increase  by  about  1.0  million  acres  be- 
tween 1960  and  1980  and  by  nearly 
another  1.0  million  acres  by  2000.  Prac- 
tically all  of  this  increase  is  in  the  Central 
Valley  (the  Tulare  Basin,  San  Joaquin 
Basin,  and  the  Sacramento  Basin)  as  a 
result  of  expected  irrigation  development 
projects. 

Irrigated  Acreage  Required  and 

Planned  Rates  of  Irrigation 

Development 

The  preceding  data  allow  a  comparsion 
between  the  irrigated  acreage  required  to 
meet  demand  at  constant  prices  and  the 
rate  of  irrigation  development  planned 
by  federal  and  state  water  agencies  in 
California.  Two  such  comparisons  are 
shown  in  table  18.  The  top  row  shows  the 
projected  irrigated  acreage  "required" 
from  earlier  table  16.6  The  second  row 
provides  an  estimate  of  acreage  to  be  de- 
veloped by  the  California  Water  Plan. 
While  the  1960  data  in  the  two  rows  are 
not  identical  because  of  slight  differences 
in  definitions,  data  sources,  etc.,  the  acre- 
ages are  of  a  similar  order  of  magnitude — 
about  8.1  million  acres.  In  1980,  the  esti- 
mates of  acreage  supplied  exceed  acreage 
required  by  about  0.3  million  acres;  in 
2000  the  difference  increases  to  about  0.4 
million  acres. 

The  third  line  of  table  18  shows  the 
projected  aggregate  net  irrigated  acreage 
from  a  more  recent  DWR  study  of  market 
outlook  for  California  crops  [1969].  Again 
the  1965  acreages  are  similar  to  those  in 
the  present  study.  However,  DWR  esti- 
mates in  1980  and  2000  exceed  those  of 
this  study  by  about  0.8  million  acres  and 
0.6  million  acres,  respectively. 

6  The  term  "irrigated  acreage  planted"  in  table  16  appears  comparable  with  the  term  "net 
irrigated  land"  used  by  the  California  Department  of  Water  Resources.  Neither  estimate 
includes  the  "associated  noncropped  area"  (farmsteads,  fallow,  roads,  ditches,  rights-of-way, 
fences,  turn  areas,  etc.)  which,  when  added  to  net  irrigated  acreage,  determines  gross  land  area 
(irrigable  land  required). 

[48] 


The  major  differences  in  acreage  projec- 
tions between  the  present  study  and  the 
latter  DWR  study  [1969]  can  be  sum- 
marized briefly  as  follows:  The  DWR 
study  projects  considerably  higher  acreages 
of  rice  and  alfalfa  hay  and  somewhat 
higher  acreages  of  cotton  and  sugar  beets. 
It  also  projects  larger  increases  in  miscel- 
laneous hay,  grain,  and  pasture.  The  ag- 
gregate acreage  of  specialty  crops — tree 
fruits,  nuts,  grapes,  and  vegetables — is 
quite  similar.  Field  crop  acreage  is  the 
most  difficult  to  project  because  of  the  un- 
certain impact  of  government  programs 
and,  in  the  case  of  all  grains  except  rice, 
the  extremely  small  percentage  of  U.S. 
production  grown  in  California. 

However,  there  are  reasons  to  suggest 
that  even  our  projections  of  field  crop 
acreage  may  be  high.  A  particularly  critical 
commodity  is  cotton,  as  it  is  the  dominant 
stable  high-income  crop  in  most  parts  of 
the  San  Joaquin  Valley.  The  state  cotton 
acreage  projection  earlier  in  this  report 
was  based  on  the  demand  for  U.S.  cotton 
reported  by  Daly  and  Egbert  [1966].  Since 
that  time,  the  competitive  position  of  cot- 
ton has  continued  to  decline  in  relation  to 
competitive  fibers  in  all  end-use  markets. 
Based  on  more  recent  trends  in  the  cotton 
industry,  Dean  and  King  [1970]  provide 
an  alternative  estimate  showing  cotton  in 
California  declining  from  765,000  acres  in 
1961-65  to  748,000  acres  in  1980  rather 
than  increasing  to  838,000  acres  as  pro- 
jected earlier  (table  3).  The  lower  acreage 
figure  for  cotton  is  also  more  in  line  with 
experience  since  1961-65.  Should  the 
government  program  for  cotton  be  altered, 
it  seems  probable  that  it  will  be  in  a  direc- 
tion of  lower  support  prices,  payment 
limitations,  and  relaxation  of  acreage  al- 
lotments. Additionally,  some  cotton-pro- 
ducing areas  of  the  state  are  having  diffi- 
culty in  maintaining  yields  as  a  result  of 
insect  and  disease  problems.  Because  of 
these  uncertainties  and  difficulties  it  seems 
quite  possible  that  many  California  cotton 
growers  will  be  looking  for  high-value 
crops  to  replace  cotton  in  their  cropping 


Table  18 
COMPARISONS  OF  IRRIGATED  ACREAGE  PROJECTIONS 


Definition 

Year 

Source 

1960 

1965 

1980 

2000 

Irrigated  acreage  planted 
Net  irrigated  land 
Net  irrigated  land 

1,000  acres 

Table  15 

8,131 
8,085 

8,034 

8,148 

8,759 

9,060t 

9,584 

9,554 

DWR  [1966,  Table  4] 

DWR  [1969,  Tables  15,  18]* 

9,970f 
10,154 

*  Data  adjusted  by  authors  to  refer  to  the  state  of  California  rather  than  to  the  California  Region,  which  includes  portions  of 
Oregon. 

t  Interpolated  from  data  for  1960,  1990,  and  2020. 


systems  soon.  The  result  of  these  forces 
could  be  extensive  additional  plantings  of 
tree  nuts,  oranges,  grapes,  and  other  per- 
manent crops,  as  well  as  expansion  in 
vegetable  acreages. 

Another  key  field  crop  in  California 
affected  by  federal  farm  programs  is  rice. 
The  future  for  rice  is  highly  dependent  on 
the  international  situation,  which  could 
change  markedly.  However,  the  develop- 
ment and  probable  spread  of  new  high- 
yielding  rice  and  wheat  varieties  in  other 
parts  of  the  world,  and  the  possible  end  of 
the  war  in  the  Far  East  suggest  the  possi- 
bility of  a  decline  in  U.S.  exports  of  rice 
from  earlier  1961-65  levels. 

The  future  position  of  feed  grains  (in- 
cluding Mexican  wheat)  in  California's  ag- 
ricultural economy  is  important  in  the 
over-all  state  crop  acreage  projections.  As 
discussed  earlier,  California  is  now  and 
will  almost  certainly  continue  to  be 
strongly  deficit  in  feed  grain  production. 
Feed  grain  prices  in  California  are,  there- 
fore, determined  primarily  by  Midwest 
and  Great  Plains  prices  plus  transporta- 
tion costs  to  California.  Thus,  feed  grain 
prices  will  be  affected  little  by  changes  in 
the  California  livestock  industry  or  by 
change  in  feed  grain  acreage  in  the  state. 
Thus,  the  question  is  primarily  whether 
feed  grains  will  give  sufficiently  high  re- 
turns to  find  an  expanding  role  in  Cali- 
fornia cropping  systems.  Given  high  land 
and  water  costs  it  is  doubtful  that  there 
is  much  economic  incentive  for  expansion 
in  feed  grain  acreage.  Other  large  acreages 
in  the  field  crop  category  are  alfalfa  hay 
and  other  hay.  Alfalfa  hay  acreage  will  be 
determined  primarily  by  the  size  of  the 
state's  livestock  industries,  particularly  the 


dairy  industry.  However,  beef  cattle  also 
require  substantial  quantities  of  alfalfa 
and  other  hay,  as  well  as  irrigated  pasture. 
The  earlier  discussion  of  the  uncertainties 
of  the  beef  cattle  feeding  industry  suggests 
that  the  alfalfa  and  other  hay  acreages  are 
a  large  and  somewhat  sensitive  component 
of  the  total  projected  field  crop  acreage. 
In  summary,  an  investigation  of  individual 
field  crops  suggests  that  actual  acreages 
planted  are  unlikely  to  be  higher  and  pos- 
sibly lower  than  the  "requirements"  pro- 
jected in  this  report. 

Substantial  acreages  of  newly  irrigated 
lands  are  being  developed  on  the  west  side 
of  the  San  Joaquin  Valley  as  indicated 
earlier.  (Development  of  the  west  side 
acreage  and  its  possible  impact  on  specialty 
crop  prices  is  discussed  in  more  detail  in 
Dean  and  King  [1970].)  The  portions  of 
this  land  served  by  state  water  face  ex- 
tremely high  water  costs.  Extensive  pro- 
duction of  feed  grains  and  most  other  field 
crops  under  these  conditions  is  of  question- 
able economic  feasibility  except  as  interim 
"get-acquainted"  crops.  At  current  price- 
cost  levels,  the  land  is  more  likely  to  be 
developed  for  trees,  grapes,  and  vegetables 
which  offer  a  higher  payment  capacity  for 
water.  In  addition,  if  government  pro- 
grams and/or  competition  from  synthetics 
result  in  smaller  acreages  of  cotton,  many 
cotton  growers  in  existing  areas  will  also 
be  searching  for  high-value  crops  to  re- 
place cotton  in  their  cropping  systems. 
The  result  of  these  forces  could  be  exten- 
sive additional  plantings  of  tree  nuts, 
oranges,  grapes,  and  other  permanent 
crops,  as  well  as  expansion  in  vegetable 
acreages.  Subsequent  price  declines  could 
lead  to  lower  land  prices,  difficulties  in  re- 
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payment  for  water  in  newly  developed 
areas,  demands  for  additional  or  stronger 
marketing  orders  or  controls,  and  lower 
incomes  for  growers  in  existing  areas. 

It  should  be  pointed  out  that  a  number 
of  factors  could  alter  the  planned  schedule 
of  water  development  set  forth  in  the  Cali- 
fornia Water  Plan.  Resistance  to  water  ex- 
port by  northern  California  counties,  con- 
tinued work  on  sea  water  desalinization, 
public  reaction  to  pollution  of  the  San 
Francisco  Bay  and  San  Joaquin-Sacra- 
mento Delta  area,  rising  problems  of 
drainage  water  disposal  and  salinity  in  the 
San  Joaquin  Valley  and  Imperial  Valley, 
and  other  factors  could  alter  these  plans 
substantially  in  the  years  ahead. 

Still,  the  general  conclusion  seems  ines- 
capable: There  is  a  danger  of  overdevelop- 
ment of  irrigated  acreage  in  California  in 
the  next  decade  or  more,  in  the  sense  that 
specialty  crop  prices  are  likely  to  be  de- 
pressed. The  rate  of  loss  of  agricultural 
land  to  urbanization  appears  to  be  no 
higher  than  estimated  by  DWR  and  may 
be  less.  It  would  appear  prudent,  there- 
fore, for  water  planners  to  reexamine  care- 
fully the  prospective  agricultural  demand 
for  water  in  California  and  pace  water  de- 
velopments accordingly. 

Comments  on  Land  and  Water 
Use  Projections 

Some  final  comments  regarding  the  over- 
all projections  are  in  order.  The  above  dis- 
cussion points  to  the  prospects  of  overde- 
velopment and  lower  prices  for  specialty 
crops  in  the  next  decade.  This  is  a  major 
concern  of  California  farmers.  However, 
other  segments  of  the  population  are  con- 
cerned about  longer-term  relationships  be- 
tween food  and  population.  From  this 
point  of  view,  a  relevant  question  to  ask 
is:  Suppose  that  urbanization  expands  at 
a  faster  rate  than  projected,  new  irrigation 
development  increases  at  a  slower  rate 
than  projected,  current  irrigated  land  area 
is  reduced  because  of  salinity  and  inade- 
quate drainage,  or  yield  increases  are  over- 
estimated. The  first  three  factors  would 
reduce  the  land  available  for  agricultural 
use,  while  the  last  factor  would  increase 
the  acreage  required  to  satisfy  the  pro- 
jected demands  for  agricultural  products. 


In  other  words,  suppose  the  projections  of 
this  report  are  in  error  in  the  direction  of 
underestimating  demand  or  overestimat- 
ing supply?  What  would  be  the  implica- 
tions of  such  a  development?  Would  it 
mean  food  shortages? 

The  key  to  these  questions  is  to  return 
to  the  basic  assumptions  of  this  study  and 
stress  that  the  projections  for  California 
are  made  within  a  framework  of  national 
projections  of  total  demand  and  inter- 
regional competition.  If  the  land  available 
for  agriculture  in  California  is  restricted 
below  the  levels  "required"  by  the  projec- 
tions, the  likely  outcome  is  that  some 
acreage  of  lower  valued  field  crops  will 
move  to  other  regions — probably  the  grain 
crops  would  be  the  dominant  crops  in  this 
category.  However,  higher  valued  crops 
such  as  fruits,  vegetables,  nuts,  and  grapes 
— for  which  California  has  a  general  inter- 
regional comparative  advantage — would 
likely  remain  at  or  near  the  projected 
levels.  Livestock  projections  would  also  be  j 
little  affected.  Since  California  is  already 
a  strongly  deficit  area  in  feed  grains,  its 
feed  grain  prices  are  approximately  equal 
to  Midwest  prices  plus  transportation 
costs;  a  larger  feed  grain  deficit  would  not 
further  raise  feed  grain  prices  to  the  dis- 
advantage of  livestock  production. 

The  major  point  made  above  is  that 
California  is  not  and  will  not  be  a  self- 
sufficient  agricultural  economy;  nor  is  this 
a  reasonable  or  necessary  goal.  California 
can  improve  its  economic  position  by  ex- 
porting those  commodities  in  which  it  has 
a  comparative  advantage  and  importing 
those  in  which  it  has  a  comparative  dis- 
advantage. The  kinds  of  commodities 
which  fall  in  these  two  classes  are  clear 
from  the  nature  of  our  current  exports  and 
imports  in  agriculture.  In  general,  we  ex- 
port high  value  specialty  crops  (fruits, 
nuts,  vegetables,  etc.)  and  we  import  feed 
grains  and  meat.  In  case  of  a  land  "short- 
age," field  crop  production  would  shift 
elsewhere  in  the  United  States  and  Cali- 
fornia inshipments  would  increase;  there 
are  many  other  areas  of  the  country  with 
ample  resources  to  produce  such  com- 
modities. To  illustrate  the  potential  for 
such  shifts,  consider  that  California  cur- 
rently devotes  about  1.5  million  of  her 
8.3  million  irrigated  acres  to  feed  grains. 
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Yet  California  produces  less  than  2  per 
cent  of  the  feed  grains  in  the  United 
States.  Thus,  a  shift  of  large  acreages  of 
irrigated  feed  grains  out  of  California 
could  be  offset  by  an  insignificant  percent- 
age increase  in  the  other  feed  grain  grow- 
ing regions  of  the  United  States,  which 
currently  have  land  held  out  of  produc- 
tion by  government  programs. 

One  final  point  should  be  stressed.  The 
projections  do  not  imply  that  there  are  no 
problems  of  land  use  in  California,  even 
though  a  food  shortage  for  California  or 
the  United  States  is  not  in  prospect  in  the 
foreseeable  future.  A  good  case  can  be 
made  for  land  use  and  resource  planning 
from  at  least  two  points  of  view:  (1)  to 
provide  an  attractive  and  livable  physical 
environment  (e.g.,  provision  for  green- 
belts  and  control  of  air  and  water  pollu- 
tion), and  (2)  to  provide  a  contingency  of 
agricultural  land  against  longer-range 
changes  in  the  demand  for  food  nationally 
and  internationally  (e.g.,  by  redirection  of 
urban  growth  onto  land  with  low  agricul- 
tural potential,  establishment  of  new 
towns  in  nonagricultural  areas,  and  higher 
density  urban  development). 

Projected  Adjustments  in  Farm 

Organization  and  Management 

in  California 

Changes  in  aggregate  output  and  its  com- 
position as  projected  in  this  report  will  be 
accompanied  by  important  changes  in  the 
organization,  management,  and  ownership 
of  individual  farms  in  California.  Some  of 
the  more  important  of  these  changes  are 
outlined  broadly  in  the  following  sections. 
Many  of  these  changes  are  observable  in 
well-established  trends;  others  are  sug- 
gested by  recent  and  current  develop- 
ments. 

Changes  in  levels  and  combinations 
of  resources  on  California  farms 

Proportions  in  which  resources  are  com- 
bined on  California  farms  have  changed 
significantly  in  the  past  decade.  These 
changes  can  be  summarized  briefly  as  the 
substitution  of  capital  inputs  (in  the  form 
of  machinery,  fertilizer,  chemicals,  etc.)  for 
labor  inputs.  The  extent  of  these  changes 


and  the  reasons  behind  them  require 
further  examination. 

Farm  size,  however  measured,  has  in- 
creased steadily  in  California  in  the  past 
two  decades.  Table  19  indicates  a  substan- 
tial increase  in  average  land  acreage  per 
farm  in  California  between  1930  and  1964. 
For  the  state  as  a  whole,  the  acreage  per 
farm  about  doubled — from  230  acres  to 
458  acres — from  1940  to  1964.  (Unfortun- 
ately 1969  census  data  are  not  yet  avail- 
able.) This  change  in  size  is  due  primarily 
to  a  consolidation  of  existing  farms  into 
larger  units  with  a  corresponding  decline 
in  number  of  farms,  particularly  since 
1950  (table  19).  Table  20  shows  in  more 
detail  the  shift  in  farm  size  since  1940. 
There  are  steady  increases  in  the  percent- 
ages of  farms  in  the  larger  size  categories, 
with  corresponding  declines  in  the  cate- 
gories of  smaller  farms.  These  declines  pri- 
marily reflect  economic  pressure  on  small 
farms  and  consequent  size  adjustments. 
Substantial  economies  of  scale  in  Califor- 
nia agriculture  have  been  documented  for 
many  types  of  farming  and  areas  of  the 
state.  Thus,  a  continued  trend  toward 
larger  farms  appears  likely.  Developments 
which  could  have  an  opposite  effect  are 
enforcement  of  the  160-acre  limitation  in 
federal  water  projects  and  expanded  pur- 
chases of  small  acreages  of  orchards  and 
other  properties  by  urban  investors. 

Another  force  encouraging  size  expan- 
sion on  California  farms  is  development 
of  new  technology  and  related  capital- 
labor  substitutions.  Table  21  itemizes  pro- 
ductive expenses  of  California  farm  opera- 
tors for  1950-1969.  While  expense  data 
preclude  direct  comparisons  of  physical 
quantities  of  labor  and  capital  items  in 
various  forms  used,  they  do  emphasize 
changing  proportions  of  capital  and  labor 
employed  over  the  long  run.  Between  1950 
and  1968,  for  example,  hired  labor  ex- 
penses increased  by  87  per  cent.  Over  the 
same  period,  however,  current  operating 
expenses  other  than  labor  increased  by 
106  per  cent.  Depreciation,  which  provides 
a  rough  index  of  capital  investment  in 
farm  machinery  and  equipment,  increased 
by  100  per  cent  over  this  period — a  rate 
also  exceeding  the  increased  expenditure 
on  hired  labor.  The  substitution  of  capital 
inputs   for  labor  would   be   much   more 
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Table  19 

NUMBER  AND  SIZE  OF  FARMS 

IN  CALIFORNIA 


Year* 

Number  of 
farms 

Land  in 
farms 

Acres  per 
farm 

135,676 
150,360 
132,658 
138,917 
137,168 
123,075 
99,274 
80,852 

acres 

1930 

30,442,581 
30,437,995 
30,524,324 
35,054,379 
36,613,291 
37,794,780 
36,887,948 
37,010,925 

224  4 

1935 

1940 

202.4 
230.1 

1945 

252.3 

1950 

266.9 

1954 

1959 

1964 

307.1 
371.6 
457.8 

*  1969  data  not  available. 

Source:  U.S.    Bureau  of    the    Census,    U.S.    Census    of 
Agriculture:  California,  1930-1964. 


dramatic  if  it  could  be  expressed  in  physi- 
cal terms,  as  the  expense  data  incorporate 
a  much  faster  rate  of  price  increases  for 
labor  than  for  other  inputs,  particularly 
since  the  mid-1960's. 

Table  22  emphasizes  that  physical  labor 
input  in  California  agriculture  has  actu- 
ally declined  in  absolute  terms  in  the  last 
decade.  Termination  of  the  Mexican 
National  Program  caused  a  sharp  drop  in 
numbers  in  the  contract  foreign  workers 
category  after  1964.  Even  with  this  loss  of 
labor  supply,  the  number  of  domestic 
workers  did  not  increase  proportionately 
and  has  since  declined  as  farmers  have 
increasingly  turned  to  capital  substitutes 
for  labor.  Mechanization  of  key  crops  such 


as  processing  tomatoes  and  tree  nuts  is  an 
important  factor  in  this  picture.  Successful 
mechanization  of  grapes  and  certain  fruits 
could  sharply  decrease  labor  use  still 
further.  It  is  safe  to  conclude  that  Cali- 
fornia farmers  will  continue  the  intensive 
search  for  labor  substitutes,  particularly 
mechanical  harvesting. 

Use  of  capital  as  a  partial  substitute  for 
labor  suggests  an  examination  of  future 
agricultural  capital  requirements  in  Cali- 
fornia. With  increased  intensification  in 
agriculture,  greater  capital  inputs  per  acre 
will  be  required.  Production  credit  in 
California  has  doubled  in  the  past  decade 
(table  23,  column  1)  and  is  expected  to 
continue  increasing  rapidly.  Loans  per 
farmer  will  be  larger;  table  23,  for  ex- 
ample, indicates  that  the  number  of  PCA 
loans  per  year  has  been  about  constant  for 
the  past  decade,  yet  total  amount  loaned 
has  approximately  doubled.  Production 
credit  undoubtedly  will  be  available, 
though  expected  shifts  toward  crops  with 
high  variability  in  net  income  (vegetables 
and  fruits,  for  example)  will  cause  lenders 
to  require  added  security  for  loans.  Also, 
growers  in  areas  with  high  water  costs  and 
no  proven  history  of  production  such  as 
the  San  Joaquin  Valley  Westside,  may 
have  difficulty  in  obtaining  credit  from 
conventional  sources.  Sales  contracts, 
grower-processor  integration,  crop  diversi- 
fication, and  other  means  of  reducing  in- 
come variation  will  be  encouraged  by 
lending  agencies. 


Table  20 

PERCENTAGE  DISTRIBUTION  OF  FARMS  BY  YEAR  AND  SIZE 

IN  CALIFORNIA 


Size  of  farm 

1940 

1945 

1950 

1954 

1959 

1964 

percentage 

Under  10  acres 

10  to  49  

23.8 
41.0 
11.5 
8.0 
3.4 
4.9 
3.4 
4.0 

26.9 
38.5 
11.2 
7.9 
3.3 
4.6 
3.3 
4.3 

27.3 
37.8 
11.1 
7.7 
3.3 
4.8 
3.5 
4.5 

27.7 
36.1 
11.1 
7.7 
3.6 
5.0 
3.7 
5.1 

24.3 
34.8 
11.7 
8.6 
4.1 
5.9 
4.5 
6.1 

19.7 
36.5 

50  to  99 

12.1 

100  to  179 

8.8 

180  to  259 

4.3 

260  to  499  

6.4 

500  to  999   

5.1 

1,000  and  over 

7.1 

Total 

100.0 

100.0 

100.0 

100.0 

100.0 

100.00 

Source:  U.S.  Bureau  of  the  Census.  U.S.  Census  of  Agriculture:  California,  1940-1964. 
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Table  21 
PRODUCTIVE  EXPENSES  OF  CALIFORNIA  FARM  OPERATORS 


Item 

Year 

1950 

1955 

1960 

1965 

1966 

1967 

1968 

millions  of  dollars 

Feed     

289.5 

203.9 

26.4 

52.5 

154.7 

179.6 

408.0 

1,314.5 

120.1 
76.8 
22.4 
62.9 
1,596.8 

334.8 

127.8 

33.3 

68.5 

177.7 

231.8 

447.4 

1,421.5 

151.7 
100.2 
36.9 
69.0 
1,779.3 

495.2 
249.4 
40.4 
93.2 
198.0 
311.4 
549.5 
1,937.0 

168.1 
152.1 
71.5 
49.8 
2,378.5 

604.1 
316.7 
56.9 
108.2 
204.0 
425.3 
636.2 
2,351.4 

206.2 

244.1 

129.1 

47.1 

2,977.9 

632.3 
344.9 
51.9 
104.0 
209.4 
447.3 
687.9 
2,477.8 

214.8 

279.9 

147.2 

47.4 

3,167.0 

667.8 
328.3 
57.1 
112.2 
216.2 
449.0 
657.0 
2,487.6 

223.6 

327.0 

162.8 

38.0 

3,239.0 

665.3 

332.9 

Seed*   

57.4 

Fertilizer  and  lime 

109.3 
222.0 

Miscellaneous! 

481.9 
763.2 

Total  current  operating  expenses.  . 

2,632.0 
241.2 

349.9 

Interest  on  farm  mortgage  debt .  .  . 
Net  rent  to  nonfarm  landlord 

178.8 

34.3 

3,436.2 

*  Includes  bulbs,  plants,  and  trees. 

t  Repairs  and  maintenance  of  buildings,  repairs  and  operation  of  motor  vehicles  and  other  machinery,  and  petroleum  fuel  and  oil. 

t  Includes  short-term  interest,  pesticides,  ginning,  electricity,  telephones,  livestock  marketing  charges  (excluding  feed  and 
transportation),  containers,  milk  hauling  (1949-1958),  irrigation,  grazing,  binding  materials,  tolls  for  syrup,  horses  and  mules,  harness 
and  saddlery,  blacksmithing  and  hardware,  veterinary  services  and  medicines,  net  insurance  premiums  (crop,  fire,  wind,  and  hail), 
and  miscellaneous  dairy,  nursery,  greenhouse,  apiary,  and  other  supplies. 

§  Includes  wages,  perquisites,  and  Social  Security  taxes  (1951-1958)  paid  by  employers. 

||  Includes  depreciation  and  accidental  damage  to  farm  buildings  and  depreciation  of  motor  vehicles  and  other  farm  machinery 
and  equipment. 

Source:  U.S.  Department  of  Agriculture  [1968]. 

Table  22 

MONTHLY  AVERAGE  NUMBER  OF  PEOPLE  WORKING  ON  CALIFORNIA 

FARMS,  BY  TYPE  OF  WORKER 


Year 

Total 
workers* 

Farmers  and  unpaid 
family  workers 

Hired 

year-round 

Hired  temporary, 
domestic 

Contract  foreign 
workersf 

1945 

1950 

1955 

1960 

1961 

1962 

1963 

1964 

1965 

1966 

381,492 
403,883 
473,542 
434,100 
420,700 
323,900 
315,800 
318,400 
305,100 
302,900 
294,400 

134,583 
159,592 
169,850 
147,500 
142,000 
93,800 
94,000 
92,600 
90,900 
90,000 
88,400 

90,250 
104,800 
121,158 
118,900 
117,500 
94,300 
93,700 
92,800 
92,300 
90,800 
91,400 

120,458 
132,017 
142,425 
125,000 
126,200 
102,500 
100,100 
105,000 
119,100 
120,900 
114,100 

25,817 

7,475 

40,108 

42,700 

35,000 

33,300 

28,000 

28,000 

2,800 

1,200 

1967 

500 

*  Total  for  1945  includes  prisoners  of  war  and  volunteers. 

t  Almost  entirely  Mexican  Nationals. 

Source:  State  of  California,  Department  of  Employment,  California  Annual  Farm  Labor  Reports,  annual  reports. 


Farm  business  control  and 
management 

Several  developments  in  California  agri- 
culture suggest  continued  modification  in 
future  farm  business  control  and  manage- 
ment. These  developments  include 
changes  in   tenancy,   contracting  for  ser- 


vices and  production,  integration  of  vari- 
ous types,  and  business  organization. 

Table  24  shows  relative  changes  in  farm 
tenure  in  California  since  1940.  Most 
prominent  is  the  increase  in  the  percent- 
age of  part-owners  arising  in  part  from  the 
general  expansion  in  size  of  operation  to 
take  advantage  of  the  economies  of  large- 
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Table  23 
FARM  CREDIT  IN  CALIFORNIA, 

1950-1969 


Table  24 

RELATIVE  IMPORTANCE  OF  TYPES 

OF  TENURE  IN  CALIFORNIA 


Nonreal 
estate  farm 

credit 
January  1* 

PCA 

Year 

Loans  made 
during  year 

Loans  made 
during  year 

1950 

$1,000 

191,381 
246,739 
525,614 
557,732 
588,295 
649,144 
746,608 
760,152 
865,909 
918,237 
956,506 
987,059 

number 

6,544 
6,318 
7,281 
7,012 
6,932 
6,963 
7,299 
7,489 
7,642 
7,564 
7,456 

$1,000 
62,333 

1955 

1960 

1961 

1962 

1963 

82,594 
161,958 
174,424 
186,906 
201,891 

1964 

1965       

225,504 
249,401 

1966 

1967 

1968 

276,335 
287,921 
319,924 

1969 

*  1950  includes  farm  production  loans  from  commercial 
banks,  loans  from  Federal  Land  Banks  and  loans  from  Farmers 
Home  Administration  for  production  and  subsistence;  later 
years  include  nonreal  estate  loans  by  banks,  PCA's,  and  Farmers 
Home  Administration. 

Source:  American  Bankers  Association,  [1969],  Agricul- 
tural Commission,  Farm  Credit  in  California,  New  York. 


scale  production.  ("Part-owners"  refer  to 
operations  in  which  part  of  the  land  is 
owned  and  part  is  rented.)  Because  land 
prices  have  in  some  cases  risen  to  levels 
unjustified  by  agricultural  earnings,  many 
owner-operators  have  found  it  advantage- 
ous to  expand  by  renting  rather  than  pur- 
chasing additional  land  (thus  becoming 
"part-owners"  rather  than  "full  owners"). 
Expansion  of  farm  size  through  part- 
ownership  is  nationwide,  and  will  prob- 
ably continue  in  California. 

The  percentage  of  tenant  operators  in 
California  has  been  relatively  constant 
since  about  1950.  Some  tenants  specialize 
in  the  production  of  one  or  two  com- 
modities, leasing  land  from  season  to 
season  on  a  share  or  cash  basis.  Most  of 
their  investment  capital  is  in  machinery 
and  equipment.  This  permits  accumula- 
tion and  concentration  of  skills  in  produc- 
ing intensively  farmed  crops  and  reduces 
the  capital  required  by  the  producer. 
Technical  specialists  provide  assistance 
either  on  a  fee  basis  or  as  a  service  made 
available  by  supply  companies  or  proces- 
sors. Further  specialization  in  agriculture, 
both  as  to  types  of  products  and  produc- 
tion methods,  may  lead  to  increased  num- 


Percentage  distribution  by  tenure  status 

Year 

Full 
owners 

Part 
owners 

Managers 

Tenants 

per  cent 

1940 

67.7 
74.1 
73.5 
72.3 
69.0 
65.8 

10.6 

10.2 
12.7 
14.9 
17.9 
19.6 

2.6 
3.4 
1.9 
1.6 

2.2 
2.7 

19.1 

1945 

12.3 

1950 

11.9 

1954 

1959 

1964    

11.2 
10.9 
12  0 

Source:  U.S.  Bureau  of  the  Census,  U.S.  Census  of 
Agriculture:  California,  1940-1964. 

bers  of  tenant  farmers  and  technical  con- 
sultants of  the  type  described. 

Table  24  also  shows  that  the  percentage 
of  manager  operations  is  up  in  recent 
years.  This  could  be  a  reflection  of  non- 
farm  investors  investing  in  farm  real  estate 
(such  as  in  orange  groves)  and  hiring  a 
professional  farm  manager  to  oversee  the 
operation. 

Integration  of  production  with  process- 
ing, marketing  and/or  factor  supply  repre- 
sents another  development  finding  wide- 
spread application  in  California.  Two 
types  of  integration  are  prevalent.  The 
first  is  the  conventional  contractual  ar- 
rangement between  the  producer  and  the 
processor.  The  second  is  where  producers 
of  a  given  product  organize  to  operate  the 
required  processing  facilities  and  either 
conduct  their  own  marketing  operations 
or  contract  with  a  marketing  firm  to  as- 
sume responsibility  for  sales,  advertising, 
branding,  transportation,  and  other  mar- 
keting functions.  Profit  sharing  with  the 
marketing  agency  is  common  under  this 
type  of  development. 

Both  types  of  integration  are  found  in 
California  and  will  probably  continue  to 
expand.  Almost  all  citrus  fruit  in  the  state 
is  now  handled  by  cooperative  organiza- 
tions through  contracts  with  growers. 
Complete  processing  and  marketing  ser- 
vices are  available  to  citrus  growers.  Tree 
nuts  also  are  highly  integrated  through 
cooperatives  marketing  the  bulk  of  wal- 
nuts and  almonds.  Integrated  operations 
are  common  in  the  production,  processing, 
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and  marketing  of  vegetables  and  decidu- 
ous fruits,  particularly  in  vegetables  and 
fruits  for  canning  and  freezing.  Grower- 
owned  cooperative  canneries  for  fruit  and 
vegetable  processing  are  also  important  in 
California.  Cooperative  growers  are  usu- 
ally paid  on  a  pooled  basis  influenced  by 
all  crops  handled  through  the  cooperative. 
While  the  grower's  risk  is  reduced  through 
an  assured  outlet,  this  is  somewhat  offset 
by  assuming  marketing  obligations  for- 
merly carried  by  private  canneries. 
Another  development  in  the  processing 
fruit  and  vegetable  area  is  the  use  of 
grower  cooperative  bargaining  associations 
which  bargain  with  canneries  with  respect 
to  price  and  other  terms  of  trade. 

Processor-grower  contracts  also  have  de- 
veloped for  certain  field  crops.  Sugar  beets 
are  produced  under  complex  agreements 
providing  incentives  for  high  sugar-con- 
tent beets  and  relating  grower  beet  price 
to  the  price  received  by  the  processors  for 
sugar.  Processors  often  furnish  seed  and 
influence  production  management  through 
trained  fieldmen.  Considerable  integration 
also  is  evident  in  cotton  processing  and 
marketing  in  California.  Private  gins  and 
oil  mills  often  supply  production  credit  to 
growers;  cooperative  gins,  cottonseed  oil 
mills  and  marketing  associations  handle  a 
sizable  proportion  of  the  cotton  business. 

Nationally,  integration  is  probably 
more  widespread  in  livestock  production 
than  in  crop  production.  Practically  the 
entire  U.S.  commercial  broiler  industry  is 
on  some  type  of  integrated  basis.  Cali- 
fornia's broiler  and  turkey  industry  is  fol- 
lowing this  national  trend  toward  integra- 
tion. The  dairy  industry  in  California  is 
highly  commercialized,  with  a  major  pro- 
portion of  milk,  including  nearly  all  of  the 
fresh  milk,  produced  under  contract. 
Vertical  integration  in  beef  cattle  in  Cali- 
fornia has  occurred  chiefly  in  cattle  feed- 
ing taking  the  form  of  contract  or  custom 
feeding.  Custom  feeding  takes  primarily 
two  forms — custom  feeding  for  ranchers 
who  do  not  want  to  market  feeders  at  a 
seasonal  low,  and  custom  feeding  for  meat 
packers  and  chain  stores  who  wish  to  main- 
tain reliable  supplies  of  beef  fed  to  specifi- 
cations. Some  integrated  hog  and  lamb 
feeding  also  is  done  in  the  state. 

Pressure  for  more  extensive  integration 


in  California  agriculture  will  continue, 
both  from  the  retail-processor-supplier 
sector  with  which  farmers  do  business,  and 
from  farmers  themselves.  Retailers  and 
processors  will  press  for  contracts  and 
other  forms  of  integrated  activity  in  order 
to  maintain  volume,  continuous  supplies, 
and  standardized  quality.  Suppliers  will 
push  integration  to  assure  high-volume 
farm  sales  and  continuous  plant  operation. 
Farmers  themselves  will  continue  interest 
in  integration  in  order  to  reduce  price 
risk,  assure  market  outlets,  and  to  obtain 
more  capital. 

The  future  may  also  see  a  continued 
change  in  form  of  farm  business  control  in 
California.  In  particular,  there  is  likely  to 
be  a  marked  increase  in  the  corporate 
form  of  business.  Both  large  and  small 
farming  corporations  now  exist  in  Cali- 
fornia, and  others  may  develop  due  to  cor- 
porate advantages  in  obtaining  capital, 
limited  liability,  continuity  of  business, 
and  tax  flexibility.  Family  corporations 
will  also  likely  become  more  common- 
place, where  stock  ownership  and  manage- 
ment is  entirely  or  largely  within  the 
control  of  the  individual  farmer  and  his 
family.  Here  the  advantages  of  the  corpo- 
rate business  are  likely  to  be  mainly  ease 
of  division  and  transfer  of  property  among 
family  members  and  limited  liability  of 
the  owners. 

Finally,  the  increasing  size  and  complex- 
ity of  California  farming  will  place  a 
greater  premium  on  high-quality  farm 
management.  As  business  becomes  more 
complex  the  farm  manager  will  have  to 
limit  his  activity  more  to  major  decisions 
of  production  organization,  capital  invest- 
ment, and  marketing.  The  manager  will 
have  to  rely  to  a  larger  extent  on  special- 
ists in  particular  areas  of  the  business. 
Large  farms  already  often  hire  one  or 
more  specialists — such  as  soil  technicians, 
irrigation  engineers,  entomologists,  plant 
pathologists,  agronomists,  and  nutrition- 
ists— as  permanent  members  of  the  labor 
and  management  force.  Increasingly,  farm- 
ers are  relying  on  accountants  for  record- 
keeping and  tax  work,  on  lawyers  for  legal 
advice,  and  on  other  consultants  for 
special  assistance.  In  line  with  these 
trends,  California  agriculture  might  also 
see  the  development  of  farm  management 
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and  marketing  consultants  whose  services 
are  purchased  much  as  is  any  other  im- 
portant input  in  agriculture.  Already  such 
consultants  are  available  in  areas  of  com- 


puter formulation  of  livestock  rations  and 
farm  accounting.  Expansion  toward  more 
complete  management  services  seems  likely 
in  the  years  ahead. 


SUMMARY  AND  CONCLUSIONS 


California's  population  and  industrial 
economy  have  grown  tremendously  since 
World  War  II.  The  pressures  of  rapid 
urban  growth  on  land  and  water  resources 
are  of  particular  concern  for  California 
agriculture.  Urbanization  and  industriali- 
zation in  the  Los  Angeles  and  San  Fran- 
cisco Bay  metropolitan  centers,  as  well  as 
in  parts  of  the  Central  Valley  and  south- 
ern Coastal  Valley,  have  removed  large 
blocks  of  farmland  from  agricultural  use. 
A  rapidly  growing,  affluent  populace  in 
California  has  also  expanded  the  demand 
for  recreational  facilities  and  second-home 
sites  in  the  foothill  and  mountain  regions. 

Technological  change  in  agriculture, 
new  irrigation  developments,  and  shifts  in 
location  of  agricultural  production  within 
the  state  have  thus  far  permitted  Califor- 
nia to  retain  its  traditional  share  of  the 
national  markets  for  agricultural  products 
despite  growing  competition  for  land  and 
water  resources  in  the  state.  This  study 
examines  possible  future  developments  in 
the  agricultural  sector  of  the  California 
economy  as  it  attempts  to  adjust  to  re- 
source use  pressures  within  the  state  and 
to  changes  in  demands  for  its  products. 
Numerical  estimates  presented  herein 
should  not  be  regarded  as  unconditional 
forecasts  of  the  future.  Rather  they  are 
projections  of  output  and  acreage  which 
would  be  required  to  meet  future  food  and 
fiber  requirements  under  a  specific  set  of 
assumptions  which  are  made  explicit  in 
the  study.  The  reasonableness  of  the  pro- 
jections will  depend  on  the  extent  to 
which  the  basic  assumptions  are  well- 
chosen  approximations  of  the  future. 

The  long-range  projections  for  Califor- 
nia are  consistent  with  a  specific  frame- 
work of  assumptions  regarding  the  U.S. 
economy.  Important  assumptions  for  the 
U.S.  economy  are: 

•  A  U.S.  population  increasing  to  235 
million  by  1980  and  308  million  by 
2000. 


•  An  increase  in  real  per  capita  income 
of  nearly  40  per  cent  by  1980,  and 
over  100  per  cent  by  2000  (compared 
to  1965). 

Projection  methods  used  combine  arith-  \ 
metic,  statistical,  and  judgment  compo- 
nents. California  crop  projections  are 
based  on  (1)  a  previously  estimated  de- 
mand structure  for  U.S.  farm  products; 
(2)  projections  of  California's  expected 
share  of  U.S.  production,  by  crop;  (3)  judg- 
ment of  future  yield  levels  by  crop  special- 
ists; and  (4)  derivation  of  California's 
future  acreages  of  particular  crops.  Projec- 
tions for  milk  and  eggs  are  based  primarily 
on  a  projected  California  population  of 
26.5  million  in  1980  and  38.8  million  in 
2000.  Other  livestock  projections  are  based 
primarily  on  recent  trends,  more  detailed 
previous  studies,  and  on  judgment. 

Total  harvested  crop  acreage  in  Cali- 
fornia is  projected  to  increase  to  about  9.5 
million  acres  by  1980 — an  increase  of  about 
0.3  million  acres  over  the  1961-65  base 
period.  There  are  projected  increases  of 
332,000  acres  for  fruits,  nuts,  and  grapes, 
with  major  increases  in  almonds,  walnuts, 
and  oranges;  another  140,000  acres  of  the 
increase  is  in  vegetables.  Field  crops  are 
projected  to  increase  by  only  about  50,000 
acres  by  1980.  Decreases  in  irrigated  pas- 
ture acreage,  and  increased  double-crop- 
ping, partly  offset  acreage  increases  in  the 
above  crop  categories.  The  total  harvested 
crop  acreage  by  2000  is  projected  to  be 
approximately  10.2  million  acres.  Addi- 
tional acreage  increases  between  1980  and 
2000  include  substantial  increases  in  all 
categories,  although  percentage  increases  in  j 
the  fruits,  nuts,  and  grapes  category  and  in 
vegetables  are  greater  than  for  field  crops. 
It  appears  likely  that  the  projections  based 
on  U.S.  markets  and  state  market  shares 
may  overestimate  the  acreage  of  field  crops 
in  California  by  2000.  Cotton  acreage  may 
be  overestimated  because  of  the  continued 
decline  in  U.S.  and  world  cotton  demand 
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due  to  competition  from  synthetics;  sugar 
acreage  may  be  based  on  an  overestimate 
of  the  U.S.  share  of  the  world  sugar  sup- 
ply; and  lower-valued  field  crops  such  as 
feed  grains  may  tend  to  shift  to  other 
states  because  of  high  land  and  water  costs 
in  California. 

Dairy  cattle  numbers  are  projected  to 
increase  by  10  per  cent  by  1980  and  38  per 
cent  by  2000  based  on  an  expanding  Cali- 
fornia market.  Beef  cattle  feeding  is  pro- 
jected to  increase  to  2.5  million  head  an- 
nually by  1980  and  3.2  million  head  by 
2000,  compared  with  about  2.1  million 
head  annually  in  1967-69.  However,  these 
projections  depend  on  the  tenuous  as- 
sumption that  California  feedlots  can  re- 
main competitive  with  large  efficient  lots 
now  being  developed  in  the  southwestern 
states  and  the  Great  Plains  where  feed 
grain  and  feeder  cattle  prices  are  lower. 
In  the  poultry  industry,  layers  for  egg  pro- 
duction are  projected  to  increase  from 
about  30  million  annually  in  1961-65  to 
36  million  in  1980  and  49  million  by  2000. 
Broiler  numbers  are  projected  to  increase 
from  60  million  annually  in  1961-65  to 
67.5  million  in  1980  and  87.5  million  in 
2000.  Turkey  numbers  are  projected  to 
increase  sharply  from  16  million  birds 
annually  in  1961-65  to  26.3  million  in 
1980  and  34.2  million  in  2000. 

Given  these  feed  grain  and  livestock 
projections,  it  appears  that  California  will 
remain  a  major  deficit  area  in  feed  grains, 
with  inshipments  of  feed  grains  in  1980 
continuing  at  about  the  1961-65  level  of 
2  million  tons;  inshipments  are  projected 
to  increase  to  about  2.3  million  tons  by 
2000.  Hay  requirements  can  be  met  with 
little  change  in  alfalfa  acreage  through 
1980,  although  additional  hay  acreage  ap- 
pears needed  by  2000. 

A  major  purpose  of  the  study  was  to 
address  the  question:  Is  the  planned  rate 
of  irrigation  development  in  California 
sufficiently  rapid,  given  the  projected 
losses  of  agricultural  land  to  urbanization, 
to  provide  the  levels  of  irrigated  acreage 
required  to  meet  California's  projected 
share  of  the  future  demand  for  food  and 
fiber?  Total  irrigated  acreage  planted  to 
crops  increased  from  about  6.44  million 
acres  in  1950  to  8.13  million  acres  in  1960 
and  8.35  million  acres  in  1968.  To  meet 


projected  demand,  the  irrigated  acreage 
required  is  projected  to  increase  to  8.76 
million  acres  in  1980  and  9.55  million 
acres  in  2000.  The  rates  of  urbanization 
projected  by  the  California  Department 
of  Water  Resources — about  75,000  acres 
per  year — appear  quite  reasonable  com- 
pared with  most  more  recent  studies.  It 
appears  that  about  two-thirds  of  this  figure 
is  in  cropland  categories  (SCS  land  classes 
I  to  IV).  Given  this  rate  of  urbanization, 
the  rates  of  irrigation  development  pro- 
jected by  the  California  Department  of 
Water  Resources  appear  more  than  ade- 
quate to  meet  the  above  irrigated  acreage 
requirements.  In  fact,  there  appears  to  be 
a  danger  of  overdevelopment  of  irrigated 
acreage  in  California  in  the  next  decade 
or  more  with  the  result  that  prices  of  high 
value  speciality  crops  (fruits,  nuts,  grapes, 
and  vegetables)  may  be  depressed  below 
recent  levels.  It  would  appear  prudent, 
therefore,  for  water  planners  to  reexamine 
carefully  the  prospective  agricultural  de- 
mand for  water  in  California  and  pace 
water  developments  accordingly. 

Changes  in  aggregate  output  and  its 
composition  as  projected  will  be  accom- 
panied by  important  changes  in  the  or- 
ganization, management,  and  ownership 
of  individual  farms  in  California.  In- 
creases in  farm  size — in  land,  capital,  and 
output  per  farm — are  expected  to  con- 
tinue. Shifts  to  larger  farms  are  expected 
because  of  substantial  economies  of  scale 
and  other  factors.  Capital-labor  substitu- 
tion is  expected  to  continue  at  an  accel- 
erated pace  as  new  and  improved  machines 
supplant  hand  labor  in  those  crops  which 
are  at  present  labor  intensive.  Labor  will 
continue  to  decline  relative  to  capital  in- 
puts, and  probably  in  absolute  numbers  of 
workers  as  well.  Production  credit  will  in- 
crease, with  the  average  loan  increasing  in 
size.  Expansion  of  owner-operator  units 
through  leasing  of  additional  land,  and 
tenant  specialization  in  particular  crops, 
have  increased  in  recent  years  and  will 
probably  continue.  Integration  of  produc- 
tion with  processing,  marketing  and/or 
factor  supply  represents  another  develop- 
ment finding  widespread  application  in 
California.  Use  by  management  of  special- 
ists such  as  soils  technicians,  irrigation 
engineers,  etc.,  as  permanent  members  of 
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the  labor  force  is  increasing  all  over  the  lawyers,  and  professional  farm  manage- 
United  States.  Greater  dependence  on  ment  and  marketing  consultants  can  be 
other     specialists     such     as     accountants,      expected  in  the  future. 
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ABSTRACT 

This  study  provides  projections  of  California  crop  acreage,  yield,  and  production  as 
well  as  livestock  numbers  and  production  to  1980  and  2000.  The  irrigated  acreage 
required  to  meet  California's  share  of  projected  food  and  fiber  demand  is  compared 
with  projected  irrigation  clevelopment  under  the  California  Water  Plan.  Changes 
projected  for  individual  farms  are  also  summarized  briefly. 

Total  irrigated  acreage  "required"  to  meet  demand  is  projected  to  increase  from 
8.35  million  acres  in  1968  to  8.76  million  acres  in  1980  and  9.55  million  acres  in  2000. 
The  individual  crop  projections  show  a  trend  toward  higher  proportions  of  speciality 
cr0pS_trees,  vines,  and  vegetables— in  California's  total  irrigated  crop  acreage.  When 
compared  with  projected  irrigated  acreages  under  the  California  Water  Plan,  there 
appears  to  be  a  danger  of  overdevelopment  of  irrigated  acreage  in  the  next  decade  or 
more,  with  the  result  that  speciality  crop  prices  may  be  depressed  below  recent  average 
levels. 

Milk  and  egg  production  are  expected  to  increase  along  with  California  population. 
Sheep  and  hogs  will  likely  decline  further  in  numbers.  Broiler  and  turkey  production 
are  expected  to  increase  but  will  meet  increasing  competition  from  other  areas.  Beef 
cattle  production  is  a  major  uncertainty  because  of  increasing  competition  in  the  Great 
Plains  and  South.  Numbers  in  feedlots  are,  therefore,  projected  to  increase  only 
moderately  from  recent  levels. 

Farms  will  be  larger,  more  mechanized,  and  more  dependent  on  production  credit 
and  other  sources  of  long-term  capital.  Further  integration  of  production  with  process- 
ing and  marketing  will  tend  to  concentrate  California  agriculture  into  fewer  decision 
units. 
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